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Abstract

This report describes results of a pilot study involving use of data contained in the
California Habitat Restoration Project Database (CHRPD) to characterize salmon habitat
restoration projects and to model restoration costs. We supplemented data from the CHRPD
with project data acquired through forms sent to contractors. Our analysis yielded some
significant results regarding the effects of project characteristics, prevailing economic conditions,
and landscape characteristics on restoration costs. However, data limitations hampered our
ability to conduct multivariate analysis and to fully consider the potentially confounding effects
of often highly correlated cost factors.

Modeling capability would be greatly enhanced if funding entities were to establish
routine information requirements for restoration proposals and contract reports based on (1)
standard protocols for disaggregating restoration costs (typically reported at the project level)
among the site-specific tasks that comprise the project, and (2) comprehensive, well-defined and
standardized methods of characterizing the amounts and types of work completed under each
task. Such standardization would also facilitate the ability of funding entities to summarize and
track the cumulative effects of their programs; such accountability is important, given the
substantial public monies being spent on restoration.

Restoration costs should ideally be linked to salmon population changes or to reductions
in limiting factors affecting salmon survival and recovery. Given the spatia linkages between
upstream/downstream and upslope/downslope habitat conditions, it is not aways possible to
evaluate the effect of any single restoration project on limiting factors without considering the
larger spatial context within which it occurs. Further research that focuses more on networks of
gpatialy linked projects and associated costs may be useful in this regard.
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Background

There are ten California salmonid stocks currently listed as threatened or endangered
under the Endangered Species Act (ESA), and many hundreds of millions of dollars have been
spent on restoration efforts to date. NOAA Fisheries is working on comprehensive recovery
plans for salmon and steelhead to provide a framework for addressing problemsin away that
covers entire geographic areas, addresses all threats, and prioritizes actions necessary for
recovery. Recovery plans for California salmonids are focused on 4 geographic areas, or
domains: Southern Oregon/Northern California Coast, North-central California Coast, South
central California Coast, and Central Valley. The ESA requires that, among other things,
recovery plans contain an estimate of the cost and time required to carry out recovery actions.
This document reflects part of ongoing efforts to devise methods of estimating the component of
recovery costs pertaining to habitat restoration.

While restoration project costs are best estimated on the basis of detailed ground surveys
and budgets tailored to the specific project, our purpose was not to provide precise, project-
specific cost estimates but rather to conduct an exploratory analysis of factors hypothesized to
affect restoration costs. Our original plan was to use readily available data on past restoration
projects to create a set of mathematical models that would allow us to predict the costs of future
restoration projects from a set of easily acquired project variables. We found, however, that the
available data was not adequate for the type of modeling desired. The best available data on
salmonid habitat restoration in Californiais the California Habitat Restoration Project Database
(CHRPD, http://www.calfish.org/DesktopDefault.aspx?abl d=60), a cooperative project
originally funded by NOAA Fisheries, currently funded by the California Department of Fish
and Game, and managed by the Pacific States Marine Fisheries Commission. This database was
created in 1999, partially for the purpose of compiling restoration cost data for analysis, and has
since become a useful tool for managing restoration grants and archiving information about
restoration projects. The CHRPD serves many useful purposes, but in its current form it lacks
the level of specificity of cost data we need for our habitat restoration cost analyses.

The reasons we have had difficulty using the CHRPD for our analyses are threefold.
First, the cost information stored in the database is not broken out by location (site) and type of
restoration. There are many projects in the database that occur at multiple sites and include
multiple types of restoration work, but cost information is available only at the project level.
Second, given the manner in which measurements of project size are stored in the database, it is
difficult or impossible to derive consistent and accurate unit costs for restoration work. For
example, in some cases there are many different measurement units in the database for the same
treatment, and these units are not explicitly defined, so in some cases it isimpossible to tell
which units are comparable. Also, there can be multiple, nonexclusive measurements for each
site, but there is no basis by which to partition costs among the different measurements. Third,
the data on types of restoration work are not well classified for analysis. There are too many
treatment types (105) and they are not explicit or rigorous enough to separate projects into
meaningful categories.

To overcome the difficulties outlined above, we decided to collect additional data from
restoration contractors on a subset of projects from the CHRPD. Here we describe the data
collection methodology, the data we received, the resulting cost analysis, and recommendations
for future data collection and analysis.
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Data Collection

In this section we outline our methods for data collection including selecting restoration
tasks and predictor variables, choosing projects for further data collection, and creating forms for
the data collection.

Selecting Restoration Tasks and Predictor Variables

Restoration Tasks

There are many ways to categorize types of restoration work. Inthe CHRPD, restoration
sites are categorized by habitat category and by treatment. Habitat categories are broad
categories of restoration work, some emphasizing location (such as instream) and others
emphasizing type of work (such as roadwork). Including ‘Unknown’, there are 14 habitat
categories in the database (Table 1). Each site in the CHRPD is assigned one or more habitat
categories. Treatments in the CHRPD refer to the specific types of restoration work that were
done at the site. There are 105 possible treatment types in the database (Table 2). Each sitein
the database is assigned one or more treatments depending onthe types of restoration work that
were done at that site for that project.

For analyzing the cost of restoration projects, we created an additional categorization of
restoration types based on general categories of restoration work that we call tasks (Table 3).
We created this categorization to group the large number of restoration treatments into a more
manageable number of onthe-ground restoration types for analysis purposes. See Table 2 for a
mapping of CHRPD treatments to tasks. Note that many of the treatments from the CHRPD do
not fit into any of the tasks.

Table 1. Habitat categories from the CHRPD

Habitat Category ID Habitat Category
1|Instream

2|Riparian

3|Upland

12|Instream and Riparian

24|Wetland

25|Estuary

26|Road

27|Rearing

28|Monitoring and Research

29|Education

30|Watershed Assessment

31|Watershed Organization Support

32|Acquisition of Land or Water

99|Unknown
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Table 2. Treatments from the CHRPD and their corresponding tasks.

DetailsID

Treatment

TaskID

Task

5

Pool created (unknown method)

10

Off-channel habitat created (alcove, side channel, pond)

16

Spawning gravel placed in stream

18

Fish trapped for survey or rearing

24

Off-channel habitat reconnected or access improved
(alcove, side channel, etc.)

29

Loosened/cleaned spawning gravels (gravel ripping)

32

Main stream channel modified/created

33

Improve ford (low water crossing)

39

Bridge installed

40

Culvert or other stream crossing removed and not
replaced

54

Pool excavated or blasted

55

Carcasses or other nutrients added to stream/bank

58

Fence maintenance

59

Livestock access/crossing created or improved

65

Invasive plant control

97

Other treatment (enter further information in comments)

99

Unknown

103

Livestock rotation

104

Beavers introduced

107

Livestock off-channel watering facility developed

115

Grass planted

118

Sediment-trap dam installed

119

Sediment removed from stream

205

Harvest/land management practices changed

209

Mine site restored

302

Upland erosion control

303

Upland vegetation management changed

306

Agricultural or grazing practices modified

401

Dike breached

402

Wetland created

403

Previously filled or drained wetland restored

404

Existing wetland improved

407

Wetland vegetation planted

502

Water right purchased or leased
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DetailsID Treatment TaskID Task
503|Repair/maintenance of existing restoration project
structure (non-dam)
601 |Estuarine area created
603|Previously filled or drained estuary restored
604|Freshwater flow in estuary increased
10001 |Restoration project effectiveness monitoring
10002|Watershed organization support
30000|Survey, study, research
30003|Education, training, workshops
30005|Educational video, display, interpretive facilities
30007|Salmon enhancement: Collect/raise/transport/plant fish
30008 |Watershed assessment and planning
30011 |Wildlife management, trapping, transport (except beaver
introduction)
30013 |Monitoring of watersheds and fisheries
30015|Salmon enhancement: Fish marking and technology
30022|Salmon enhancement: facillities
30023|Irrigated new plantings
106|Fencing/livestock exclusion 1|Fencing Projects
41|Trees planted (unknown type) 2|Riparian Planting
42|Planting (unknown type) 2|Riparian Planting
101|Conifers planted 2|Riparian Planting
102|Hardwood stand converted to conifers 2|Riparian Planting
105|Hardwoods planted 2|Riparian Planting
117|Willows planted (simple planting, not bioengineering) 2|Riparian Planting
121|Shrubs or herbaceous vegetation planted 2|Riparian Planting
34|Culvert replaced with bridge 3|Culvert Replacement
35|Culvert replaced with open-bottom arch culvert 3|Culvert Replacement
36|Culvert replaced with closed-bottom culvert (round or 3|Culvert Replacement
pipe-arch)
62|Culvert replaced with box culvert 3|Culvert Replacement
63|Culvert replaced with open-bottom box culvert 3|Culvert Replacement
64|Culvert replaced with closed-bottom box culvert 3|Culvert Replacement
30021 |Culvert/bridge upgraded (unknown method) 3|Culvert Replacement
37|Culvert retrofitted with baffles or weirs 4|Existing Culvert Improvement
38|Weir installed below culvert outlet 4|Existing Culvert Improvement
1|Large wood anchored in place (log, rootwad) 5|Instream Structures
2|Rootwads placed in stream 5|Instream Structures
4|Log weir installed (not below culvert) 5|Instream Structures
8|Boulders placed in stream 5|Instream Structures
9|Brush bundles placed in stream 5|Instream Structures
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DetailsID Treatment TaskID Task

11|Rock weir installed (not below culvert) 5|Instream Structures

12|Flow deflector installed (type unspecified) 5|Instream Structures

31|Concrete weir installed (not below culvert) 5|Instream Structures

47|Large wood placement (not anchored, or not known if 5|Instream Structures
anchored)

48|Weir installed (unknown type, not below culvert) Instream Structures

52|Flow deflector installed: log Instream Structures

53|Flow deflector installed: rock/boulder Instream Structures

30019|Flow deflector installed: rock and log Instream Structures

30020|Pool created using scour structure Instream Structures

7|Stream bank stabilized (unknown method) Bank Stabilization

17|Stream bank stabilized: rock gabion installed Bank Stabilization

49(Stream bank stabilized: log revetment installed Bank Stabilization

50|Stream bank stabilized: rock and log revetment installed Bank Stabilization

Ojfojlojo|jojoijoijo| oo

51|Stream bank stabilized: bioengineering (living building Bank Stabilization

materials)

116|Stream bank stabilized: riprap (rock revetment) installed Bank Stabilization

120|Stream bank stabilized: stream bank resloped Bank Stabilization

206|Road decommissioned/obliterated Road Decommissioning

Road Surface
Upgrade/Maintenance

201|Road modified to reduce impacts to streams

202|Road ditch and drainage culvert maintenance (removing 8|Road Surface
debris) Upgrade/Maintenance
203|Road drainage culvert installed/replaced/improved 8|Road Surface
Upgrade/Maintenance
501|Land purchased, leased, or easement acquired 9|Land Acquisition
28|Water management (storage and release timing) 10|Water Conservation
Measures
61|Irrigation water recycled (tailwater recaptured) 10|Water Conservation
Measures
304|Irrigation system improved 10|Water Conservation
Measures
15|Fish screen installed 11|Fish Screens
14|Fish ladder installed 12|Fish Ladders
23|Fish ladder improved 12|Fish Ladders
20|Pushup dam permanently removed 13|Barrier Removal
21|Fish barrier removed (type unknown) 13|Barrier Removal
56|Log jam removed 13|Barrier Removal
57|\Dam removed 13|Barrier Removal
112|Dam repaired 13|Barrier Removal
602|Tidegate altered/removed 13|Barrier Removal
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Table 3. Restoration tasks.

TaskID Task
Fencing Projects

Riparian Planting

Culvert Replacement

Existing Culvert Improvement

Instream Structures

Bank Stabilization

Road Decommissioning

Road Surface Upgrade/Maintenance

OO |IN|OO|O1 B WIN|F

Land Acquisition

10|Water Conservation Measures

11|Fish Screens

12|Fish Ladders

13|Barrier Removal

Predictor s of Restor ation Cost

In order to model cogts, it is necessary to identify factors that are significant predictors of
cost for the restoration tasks identified above. The factors affecting cost generally differ for
different types of restoration work. For each restoration task, we developed alist of possible cost
predictors for use inour analyses. Resources used to help determine appropriate predictors and
their corresponding factor levels included Evergreen Funding Consultants (2003), Flosi et a.
(2002), and personal communication with California Department of Fish and Game fish habitat
specialists.

Below are summaries of the cost factors identified for each type of restoration task. We
developed cost models for eight of these tasks (fencing, riparian planting, culvert replacement,
culvert improvement, instream structures, bank stabilization, road decommissioning, road
upgrade/maintenance). Datafor some of the factors associated with these tasks (shown below in
bold) were obtained from contractors (see Appendix 1). For other factors (shown below in
italics) we used surrogate measures that could be acquired using Geographical Information
Systems (GIS). Other factors were omitted for practical reasons — e.g., because they would
require detailed project budgeting or because they would make it difficult for us to keep our data
collection forms as ssimple and brief as possible to avoid overburdening potential respondents.

For avariety of reasons (e.g., lack of data, expectation that cost factors would likely be
too variable or site-specific for modeling), cost modeling was not attempted for the remaining
tasks. However, potential cost factors are described for two of these tasks (land acquisition,
water conservation) - for those who may be interested in pursuing their own cost analysis of
these tasks. Summary information from the CHRPD on one of these tasks (land acquisition) is
also provided.
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Fencing Projects (for each site):

N e

N O A

0.

Cost
Length of fencing (lineal feet)
Fencing Materials (ssimple, aver age, complex)

simple=barb or hog wire, no gates, few posts
average = livestock fence, metal, wood or metal corners, few gates, moderate
number of posts

- complex = smooth wire, new Zealand type, deer exclusion, curtain type

Fence Electrified (yesno)

Spacing of posts (lineal feet)

Clearing needed (light, average, heavy)

Sope (flat, average, steep)

Site preparation difficulty (flat/light clearing, average slope/average clearing, steep/heavy
clearing)

Labor cost/type (low/volunteer, mediunm/conservation corps, high/contracted)

10. Labor rate ($/hour and number of man hours)
11. Longevity (estimate years to replacement)
12. Maintenance (annual cost)

Riparian Planting — not including road decommissioning projects (for each site)

o

0.

EaB N N

Cost

Area planted (area and fraction planted)

Trees planted

Site accessibility (easy, aver age, difficult)

- easy = easly accessible by vehicle
average = site partially accessible by vehicle
difficult = very limited access, no vehicle access

Materials cost (minimal, moder ate, substantial)
minimal = bare roots, most materials donated; native materialsreadily available
moder ate = bareroot; weed block: landscape fabric, mulch; combination of
donated and purchased materials; native materials lessreadily available
substantial =1 - 5 gallon and greater size plants; weed block: landscape fabric
and mulch; majority of materials purchased; native materials not readily
available or grown by seed collection

Clearing needed (light, average, heavy)

Sope (flat, average, steep)

Site preparation difficulty (easy, moder ate, difficult)
easy = flat/light clearing, soil easily tilled
moder ate = aver age slope/aver age clearing, aver age soil
difficult = steep/heavy clearing, soil difficult to till

Labor cost/type (low/volunteer, mediurm/conservation corps, high/contracted)

10. Labor rate ($/hour and number of man hours)
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11. Design/permitting (simple, average, complex)
12. Irrigation (annual cost)
13. Irrigation needs
Minimal — not needed
Moderate—drip line from public/private source
Substantial — solar irrigation, water truck, hand watering
14. Y ears of maintenance required (including protection from deer browse)

Culvert Replacement — not including road decommissioning pr oj ects (for each culvert)

Cost

Type of road (forest road, minor 2 lane, major 2 lane, highway 4+ lane)
Valley width — channél width (ft) downstream of culvert at high water mark
Size of culvert to beinstalled (inches)

Sreamflow (CFS)

Culvert replaced by bridge (yes/no)

Fill height — distance from top of culvert to road (feet)

Was instream work also done above or below the culvert? (yes/no)
Maintenance (annual cost)

10 Longevity (estimate years to replacement)

11. Presence of phone and/or electrical lines at the crossing (yes/no)

14. Traffic control required? (yes/no)

CoNoO~WDNE

Existing Culvert | mprovement — not including road decommissioning projects (for each

culvert)

Cost

Type of improvement (angleiron, chimney block, baffles)
Was instream work done above or below the culvert? (yes/no)
Delivery / transport distance

Length of culvert (feet)

Stream flow (CFS)

Maintenance (annual cost)

Longevity (estimate years to replacement)

Presence of phone and/or electrical lines at the crossing (yes/no)

WO N~ wWNE

| nstream Structures— not including bank stabilization (for each structure or stream mile)

1. Cost

2. Project size (stream milesfor LWD; number of structuresfor complex, engineered
structures)

3. Sreamflow (CFS)

4. Material type (wood, boulders, both, bioengineer ed)

5. Boulder material size (diameter)

6. Log size(diameter)

7. Stream size (small, medium, large)
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Small, 1** order
Medium, 2" order
Large, 3" order and above
8. Distanceto materials source (miles)
9. Transportation (easy/near 0-7 miles, aver age access/aver age distance 7-20 miles,
difficult/far 20+ miles
10. Design costs/risk of accident or flooding (minimal, moder ate, substantial)
minimal = small remote streams
moderate = intermediate level of use
substantial = heavily used rivers and those bordered by rural and suburban
communities
11. Helicopter needed? (yes/no)
12. Longevity (estimate years to replacement)
13. Maintenance (annual cost)

Bank Stabilization — not including riparian planting or instream structures

1. Cost
2. Sizeof project (linear feet)
3. Sizeof waterway (small, medium, large)
small = 1% order
medium = 2"% or der
large = 3" order and above
4. Woas the streambank resloped? (yes/no)
5. Extent of placement/excavation (minimal, moder ate, substantial)
minimal = hand tools
moder ate = small equipment, moder ate excavation
substantial = heavy equipment, reconstruction of slope
6. Materials (minimal, moder ate, substantial)
minimal = Native and channel gravel or rock is utilized, available onsite
moder ate = riprap, vegetated with onsite plants
substantial = largelogs (>24 inch diameter), large rootwads, large toe rock;
offsite plants
7. Longevity (estimate years to replacement)

Road Decommissioning

Cost

Length of road (miles)

Type of decommissioning (complete obliteration, partial, closur e only)
Number of treatment sites

Number of stream crossings

Depth of culvert fill (feet)

Equipment cost including transportation(minimal, moderate, substantial)
Transport distance for materials (rock) (miles)

Hauling of fill required? (yes/no; amount)

WO N ~wWNE
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10. Site accessibility/access road condition (low, medium, high)
11. Type of road (dirt, asphalt)
Minimum: ranch roads
Moderate: skid roads
Maximum: Asphalt, legacy, Humboldt crossings
12. Geology/landform stability/past failures from road system
13. Sope (from GIS)

Road Surface Upgrade/M aintenance (not including culverts)

1. Cost

Road length treated (miles)

Type of upgrade (road drainage, outdoping, drc’'s (ditch relief culverts), rolling
dips, water bars, other)

Transport distance for materials

Site accessibility (low, medium, high)

Sope (from GIS)

Soil erodibility (from GIS)

Longevity (estimate years to replacement)

wnN

N U~

Land Acquisition

1. Cost
Land use/devel opment potential/zoning (forest, agriculture, rural, suburban, urban)
Amenity value for developed land (Ilow, medium, high, very high)
low = parcel on small creek
medium
high
very high= highly sought-after waterfront property
4. Level of improvements/access (minimum, moderate, maximum)
minimum = unimproved parcel with difficult access
moderate = intermediate access and some improvements
maximum = good road access and all utilitiesin place
5. Proximity to urban areas (far, medium, near)
far = 41+ miles
medium = 21-41 miles
near = 0-20 miles
Presence of sensitive areas — wetlands, floodplains, steep slopes, etc.
Conservation easement? (yes/no, number of years)
Current land use in effect (forest, agriculture, rural, suburban, urban)

wn

0o N
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Water Conservation M easur es

1. Cost

2. Type
Diversion ditch piping/lining
Livestock watering systems
Water purchase or long-term lease
Tailwater management

3. Netcfsgan

Restor ation categories for which cost factor s wer e not developed

1. Fishscreens
2. Fishladders
3. Barrier removal

Choosing Projects for Further Data Collection

We used the CHRPD (1/6/05) to select a subset of projects for collecting further
information. CDFG staff recommended that we only look at the most recent projects because 1)
contractors would have more information readily available for projects that they are actively
working on or have recently finished, and 2) recent projects would reflect the current best
practices for restoration. For this reason, we limited our projects for data collection to those
from fiscal year 2002/2003 and 2003/2004. Projects from a narrow range of years are also more
likely to be consistent in terms of economic corditions that could affect costs, including
prevailing wage laws. We also focused only on projects for which CDFG is the data source and
that involved certain selected restoration tasks.

These criteriaresulted in the selection of atotal of 169 projects encompassing 2331 sites
for which to gather additional data. The number of projects for each of the selected restoration
tasksis shown in Table 4. Table 5 shows the number of projects by number of sites per project.
The number of sites for each of the selected restoration tasks is shown in Table 6.

Table 4. Number of projects by task for the subset of projects selected for further data collection.
There are atotal of 169 projects, many of which match multiple tasks.

TaskID Task Number of Projects
1|Fencing Projects 20
2|Riparian Planting 77
3|Culvert Replacement 45
4|Existing Culvert Improvement 4
5/Instream Structures 75
6|Bank Stabilization 86
7|Road Decommissioning 36
8|Road Surface Upgrade/Maintenance 53
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Table 5. Number of projects by number of sites per project for the subset of projects selected for
further data collection.

Number of Sites per Project|Number of Projects
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Table 6. Number of sites by task for the subset of sites selected for further data collection. There
are atotal of 2331 sites, many of which match multiple tasks.

TaskID Task Number of Sites
1|Fencing Projects 27
2|Riparian Planting 237
3|Culvert Replacement 207
4|Existing Culvert Improvement 4
5|Instream Structures 581
6/Bank Stabilization 450
7|Road Decommissioning 934
8|Road Surface Upgrade/Maintenance 1143

Formsfor Data Collection

A primary consideration in creating forms for data collection was simplifying the forms
and minimizing the number of questions to avoid over-burdening contractors and to increase
response rates. For this reason, as we discussed above, we reduced the number of predictors for
which we asked contractors to provide information. For final predictors and factor levels, see the
formsin Appendix 1. For each contact person, we created a packet that included a cover |etter,
an instruction sheet, a map of the sites from the database, one or more project level forms, and
site level forms for each site. Individuals in the third mailing (see below) were also sent alist of
all sitesin each project.

Packets were sent out in three phases. The phases were selected based on the number of
sites per person in our subset of projects described above. Forms were revised dlightly for each
phase. In the first phase, packets were sent to individuals with 3 or fewer sites. These
individuals were asked to provide data for al of the sites in the packet. The second phase
mailing included individuals with greater than 3 sites but less than 15 sites and was broken into
two subgroups: those with less than 6 sites and those with greater than or equal to 6 sites.
Individuals with fewer than 6 sites were asked to provide data for all of the sites in the packet,
and individuals with 6 or more sites were asked to provide data for al of the sitesif possible and
otherwise to provide data for the 5 sites that that they felt were most representative of their work.
The third phase mailing included individuals with 15 or more sites. These individuals were
asked to provide information on 5 sites that are representative of the projects provided and were
encouraged to provide additional dataif possible (Table 7).

Examples of forms and documents mailed to contractors can be found in Appendix 1.

Table 7. Numbers of contacts in each phase of the data request mailing and the total number of
projects and sites represented in each phase.

Mailing Number of Contacts | Number of Projects Number of Sites
First Phase 51 55 63
Second Phase 21 49 147

Third Phase 26 65 2121

Total 98 169 2331
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The number and types of projects and sites in the database changed somewhat as the data
collection progressed because some individuals provided updated site information that may have
involved removing and/or adding sites, and others substituted data on projects they had aready
completed if the projects originally requested were not finished. Some contacts with additional
projects were also added.

Sourcesof Error

There are many potential sources of error both in our data and our analyses. Here we
briefly describe some of these sources.

Sources of Error in Restoration Data

The data we received from contractors may have errors and/or inconsistencies resulting
from idiosyncrasies in our forms, differences in contractors' interpretation of our questions,
differing definitions of sites, vagueness in categorizations, and/or the unfinished state of many of
the restoration projects.

One possible error associated with the design of our forms involved our use of check
boxes on the forms. There were several questions asked as check boxes including whether
contractors were required to pay prevailing wages, whether materials were available onsite for
instream structure installation projects, and whether fences were electrified in the fencing
projects. Upon receiving the data, we realized that these check boxes result in ambiguous data
because there is no way of knowing whether an empty box indicates a negative response or
whether the respondent failed to answer the question.

A potential source of inconsistency in the data involves the interpretation by the
respondent of how to partition the cost data for the project. The respondent was asked to provide
the costs only for the tasks occurring at the site in question and to include labor, equipment,
materials, and in-kind contributions in the cost values. It is possible that some respondents either
included additional costs such as permitting costs or left out some costs that may have been
difficult to partition among sites. Any differences among contractors in interpretation or
execution of the partitioning of costs among sites and tasks would increase the error in the
resulting database.

Another source of inconsistencies in the data is differences in the way that sites are
defined. We used the site locations provided in the CHRPD database. There are not clear
guidelines for how sites are defined, so for example some projects will include each instream
structure location as a separate site while others will group multiple instream structuresinto a
single site.

Y et another source of error is the creation of factor levels and other categorizations for
partitioning the data. Criteria definitions may not be explicit or rigorous enough to separate the
projects into meaningful categories. Both the creation of factor levels and the categorization of
types of restoration work may result in artificial data groupings that could lead to spurious data
correlations. In some cases, such as for the road upgrading projects (see road upgrading analysis
below), we did not receive enough data for each type of work to analyze each type separately.
Lumping all of the types together for analysis could lead to spurious correlations with predictor
variables.
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In addition to the above sources of error, there is also error associated with the
uncertainty of cost values for projects that have not been completed. We chose to ask
contractors for data on the most recent projects in order to get the most up-to-date cost
information and the most detailed data. One drawback of this approach, however, is that many
of the projects were not yet completed, so the cost values are estimates and may not accurately
reflect the final costs of the projects.

Sources of Error in Spatial Analyses

Spatial Uncertainty: For some of our analyses we used Geographical Information
Systems (GIS) software and data to relate restoration sites to certain socioeconomic and
environmental predictor variables, such as unemployment rates and slope of the terrain. The
gpatial location of each restoration site is stored in digital form as a point, line, or polygon. The
gpatial uncertainty in these data, as well asin the GIS data for predictor variables can lead to
errors. For example, the digitized locations for the restoration sites may not accurately represent
the project boundaries. In some cases locations probably underestimate the extent of the
project’s spatial coverage (particularly for sites digitized as points) and in others the spatial
extent may encompass far more area than where the actual work took place. These inaccuracies
will lead to errors when the spatial locatiors are used to determine the values of predictor
variables usng GIS.

Regionalization Problems: Creation of artificial zones to describe certain characteristics
of the landscape, such as soil types and erodibility factors, are an over-simplification and
generalization of reality and may lead to errors because large-scale (detailed) variability and
gradual changes are not captured.

Uncertainty in Vector Data Structure; Socioeconomic data may be forced into zones
whose boundaries may not respect natural distribution patterns. For example, the population
density data that we collected for our analyses provides estimates of population density for
polygons representing US Census Bureau incorporated and designated places and balance of
county areas. The population density for each polygon is an attribute of the entire polygon even
though the population is probably not spread out evenly within that polygon.

Missing Values: Typically imputing missing values and then conducting analyses as if
the imputed values were actual datais better than deleting samples, but methods for taking
imputation into account can be complex (see Harrell, 2001, Chapter 3). Imputation of missing
values for each variable in each restoration type was beyond the scope of this project. For each
test below, we deleted samples with missing values for the variables in that test. The reader
should be aware that patterns in missingness of variables could affect the interpretation of the
results.

Response Rates and Data Analyses

Overall Response Rates

Table 8 indicates the response rates of the people contacted from the original subset of
projects selected for additional data collection. Some of the people who did not respond no
longer worked for the grant-receiving agency. In some of those cases, other individuals provided
information about those projects, but they are not included in the table below.
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Table 8. Number and percentage of responses with useable data from the original packets sent.

Mailing Number of Original Number of Projects Number of Sites
Contacts Providing Useable
Data
First Phase 16 (31%) 19 (35%) 23 (37%)
Second Phase 14 (67%) 32 (65%) 74 (50%)
Third Phase 11 (42%) 26 (40%) 55 (3%)
Total 41 (42%) 77 (46%) 152 (7%)

Overal, we received data for 228 sites in 103 projects (Table 9). Some of these projects
are not included in the above table because they were added by contractors but were not in the
original selected set of projects. Otherswerein the original set, but someone other than the
original contact person provided the data.

Table 9. Number and percentage of projects and sites in the new database for which we received

responses.
Total | Responses Received | Responses Received No Response For
With Data Without Useable Response | Other Sites But
Data Not ThisOne
Projects| 178 103 (58%) 18 (10%) 57 (32%)
Sites| 2330 228 (10%) 80 (3%) 894 (38%) | 1128 (48%)
Data and Analyses

All statistical analyses for this report were conducted using R Version 2.2.0 (R
Development Core Team, 2005). Data on socioeconomic and environmental variables were
associated with restoration sites using ArcGIS Version 9.1 (ESRI, 2005).

Here we summarize the data received for each restoration task along with some analyses
of restoration cost. Recall that it is possible to have multiple tasks at the same site. The sitesin
the database each have from 0 to 5 of the 8 tasks for which we requested data (Table 10).

Table 10. Number of sites by number of tasks for which we received data from contractors.

Number of Tasks

Number of Sites

2101

176

28

17

5
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Our intention was to use the data collected from this effort to create linear models that
could be used to help predict the costs of future restoration work. The small sample sizes and
high variability of the data, however, made this approach impracticable. Here we summarize the
data for each restoration type by avariety of different predictor variables and present results of
some linear regression analyses.

Fencing Projects

We received data on 11 sites that included cost information associated with fencing. The
sites are from 10 projects; one project had two sites with fencing data. Number of sites and cost
statistics are reported in Table 11.

Table 11. Summary of fencing cost per foot.

Number of [Minimum Cost per|Maximum Cost per|Average Cost per |Standard Deviation of Cost
Sites Foot Foot Foot per Foot

11 $0.79 $7.00 $3.95 1.84

For comparison, we also looked at the cost per foot of fencing for projects in the original
CHRPD from 3/14/05 (Table 12). Cost data in the CHRPD are recorded at the project level. To
attempt to get accurate values of cost per foot of fencing, we limited the projects to those with
only one task (fencing), one measurement type, and one site per project. We aso only looked at
projects that began in 1998 or later. None of the selected sites from the CHRPD are the same as
those in the new database. The average cost per foot of fencing was higher in the projects from
the CHRPD. It is possible that aspects of the project other than fencing may have been included
in the total project cost in the CHRPD.

Table 12. Summary of fencing cost data from the CHRPD (3/14/05). Sites are limited to projects
since 1997 with only one task (fencing), one measurement type, and one site per project.

Number of [Minimum Cost per|Maximum Cost per|Average Cost per |Standard Deviation of Cost
Sites Foot Foot Foot per Foot
9 $2.43 $22.07 $7.24 5.93
Anaysis

As was mentioned above, new data that we collected from contractors included 11 sites
with fencing data, from 10 different projects. Most statistical analyses require independence of
samples, and clearly samples from the same project are not independent. So, for statistical
analyses we randomly selected one site from each project and used this subset of the data for our
analyses.

Fence Length

There was not a significant association between cost per foot of fencing and the length of
fencing installed (Regression, P = 0.28).
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Fencing Materials

We asked restoration contractors to provide the material complexity of the fencing
materialsthey used:

simple = barb/hog wire, no gates, few posts
average = livestock fence, metal, wood/metal corners, few gates, moderate # of posts
complex = smooth wire, New Zeaand/curtain type, deer exclusion).

Of the 11 fencing sites for which we have cost data, 2 were classified as simple, 7 as average,
and 2 as complex (Table 13). In our random sample of one site from each project, 2 were
classified as ssmple, 6 as average, and 2 as complex. There was not a statistically significant
difference in cost among the different fence material types, but the sample size is small (Kruskal-
Wallis, P=0.186, n = 10; Figure 1).

Table 13. Fencing cost by materials category for the complete dataset.

Fence Number of | Minimum Cost | Maximum Cost | Average Cost |Standard Deviation of
Material Sites per Foot per Foot per Foot Cost per Foot
Simple 2 $0.79 $3.00 $1.89 1.56
Average 7 $2.00 $7.00 $4.32 1.70
Complex 2 $3.44 $6.00 $4.72 1.81
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Figure 1. Box plot of cost per foot of fencing for the different fencing materials categories.

We a so asked contractors whether or not the fencing was electrified. 3 of the fencing
sites involved electrified fencing and 8 involved fencing that was not electrified (Table 14). In
our random sample of one site from each project, 3 of the fencing sites involved electrified
fencing and 7 involved fencing that was not electrified. Electrified fences cost significantly less
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per foot on average than non-electrified fences (Wilcoxon signed rank test, W = 21, P = 0.022;
Figure 2). The effect of electrification may be confounded with material complexity, as only

fences of simple or average complexity were electrified; no complex fences were electrified
(Table 15).

Table 14. Fencing cost by electrification status for the complete dataset.

Electrified Number of | Minimum Cost | Maximum Cost | Average Cost | Standard Deviation
Sites per Foot per Foot per Foot of Cost per Foot
Yes 3 $0.79 $3.00 $1.93 1.11
No 8 $3.15 $7.00 $4.71 1.44

Table 15. Fencing cost by electrification status and materials category for the compl ete dataset.

Electrified Fence Number |Minimum Cost|] Maximum |Average Cost| Standard Deviation
Material | of Sites per Foot Cost per Foot per Foot of Cost per Foot
Yes|simple 2 $0.79 $3.00 $1.89 1.56
Yes|average 1 $2.00 $2.00 $2.00
No|average 6 $3.15 $7.00 $4.71 1.49
No|complex 2 $3.44 $6.00 $4.72 1.81
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Figure 2. Box plot of cost per foot of fencing for nonelectrified and electrified fences.
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Site Preparation Difficulty

We did not specifically ask contractors for data on site preparation difficulty. We did ask
for site accessibility:

easy = easy access

average = partia vehicle access

difficult = very limited/no vehicle access)

We received data on this variable for 7 of the 11 sites, al of which were classified as easy
accessibility.

We also estimated the average slope for each site using Geographical Information
Systems (GIS). We calculated slope from U.S. Geological Survey (USGS) 30 meter National
Elevation Data (NED) using the Slope function in ArcGIS software (ESRI, 2005). The slope
values for al cells intersecting the site were averaged to arrive at an average slope for each site.
There was not a significant association between cost per foot of fencing and average slope
(Kendal’s Tau = 0.30, P = 0.24; Figure 3). Notethat all of the electrified fencing projects
occurred in areas with low average slopes.
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Figure 3. Cost per foot of fencing versus slope. Symbols distinguish electrified fences from ones
that are not electrified. Line represents least squares fit.

Labor Cost

Labor costs are a potentially important factor for fencing projects. We did not ask
contractors whether labor was provided by volunteers, conservation crew, or contracted
employees. We asked restoration contractors whether they were required to pay prevailing
wages. This question was asked as a checkbox, which we now realize leads to ambiguous
results. Boxes left blank could indicate that prevailing wages were not required or that the
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guestion wasn't answered. For this reason, the data on prevailing wages were not reliable.

There was not a significant difference in cost between sites where prevailing wages were and
were not required (Wilcoxon signed rank test, W = 3, P = 0.23; Figure 4). The prevailing wage
data were confounded with fence electrification. Where prevailing wages were required, two of
the three sites involved e ectrified fences, and where prevailing wages were not required, none of
the fences were electrified.
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Figure 4. Box plot of cost per foot of fencing for sites where prevailing wages were and were not
required.

We aso looked at whether cost was associated with county-level average annual
construction wages or unemployment rates. Average annual construction wages are for ‘Heavy
and Civil Engineering Construction’ from the Covered Employment and Wages (CEW) program
of the Bureau of Labor Statistics. Unemployment rates are county level Labor Force Data from
the Labor Market Information Division of the California Employment Development Department.
Both types of data were associated with restoration sites by year and geographic location. Some
sites are missing construction wage data because data are not available for all counties for each
year. There was no association between cost and either variable (Figures 5 and 6).
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Figure 5. Cost per foot of fencing versus average annual construction wages. Line represents
least squares fit.
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Figure 6. Cost per foot of fencing versus average annua unemployment. Line represents least
sguares fit.
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Fence Analysis Summary

The sample size for fencing projects was very small (10 projects), so we do not have a lot
of statistical power for our analyses. The only predictor variable that we looked at that was
significantly associated with fencing cost was fencing electrification. Electrified fences on
average cost significantly less than fences that were not electrified. There were not significant
differences in cost among fences of different complexities, but the trend was as expected —
simpler fences cost less on average. The effect of electrification on cost may be confounded
with the effect of material complexity, asonly fences of simple or average complexity in our
sample were electrified; no complex fences were electrified. There were not significant
associations between fencing cost and average slope or labor rate variables.

We did not ask contractors to provide information on slope of the site or the amount of
clearing needed. These factors are likely to be important to the cost of fencing projects and we
recommend that data on these variables be collected in the future. The GIS-derived average
dope vaues that we used in our analyses are likely to be too coarse to accurately reflect the slope
at the fencing site.

Riparian Planting

We received data on 42 sites that included cost information associated with riparian
planting. The sites came from 32 different projects. There were between 1 and 5 sites per
project (Table 16). Number of sites and cost statistics are reported in Tables 17 and 18. Sitesin
table 18 are a subset of the sitesin Table 17 for which we have data on number of trees planted.

Table 16. Number of projects by number of sites per project for riparian planting projects.

Number of Sites|[Number of Projects
1 26
2 4
3
5

Table 17. Summary of riparian planting cost per acre.

Number of |Minimum Cost per |[Maximum Cost per|Average Cost per| Standard Deviation of
Sites Acre Acre Acre Cost per Acre
42 $40 $434,783 $27,906 72,528

Table 18. Summary of riparian planting cost per tree. Cost per treeisthetotal riparian planting
site cost divided by the number of trees planted as reported by the contractor.

Number of
Sites

Minimum Cost per
Tree

Maximum Cost per
Tree

Average Cost per
Tree

Standard Deviation of Cost
per Tree
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$238
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$23
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For comparison, we also looked at the cost of riparian planting for projects in the original
CHRPD database from 3/14/05 (Table 19). Cost datain the CHRPD are recorded at the project
level. To attempt to get accurate values of cost of riparian planting, we limited the projects to
those with only one task (riparian planting), one measurement type, and one site per project. We
also only looked at projects that began in 1998 or later. None of the selected riparian planting
projects from the CHRPD occurs in the new database.

Table 19. Summary of riparian planting cost data from the CHRPD (3/14/05). Sites are limited
to projects since 1997 with only one task (riparian planting), one measurement type, and one site

per project.
Number of Unit Minimum Cost | Maximum Cost | Average Cost | Standard Deviation of
Sites per Unit per Unit per Unit Cost per Unit
17|acre $168 $63,114 $10,855 15,827
10|mile $3,675 $436,640 $96,049 138,133
7|tree $1 $587 $110 217
2|student $265 $866 $566 425
Anaysis

As was mentioned above, new data that we collected from contractors included 42 sites
with riparian planting data, from 32 different projects. Most statistical analyses require
independence of samples, and clearly samples from the same project are not independent. So,
for statistical analyses we randomly selected one site from each project and used this subset of
the data for our analyses. Cost values are reported here as cost per tree and cost per acre. Cost
per tree ranges from $1 to $238 with an average of $ 23. Cost per acre ranges from $40 to
$434,783 with an average of $27,906. The cost values are heavily skewed (Figure 7). Analyses
were performed on log-transformed cost per acre (Figure 8). The median cost per tree was $4,
and the median cost per acre was $2,302.
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Figure 7. Histogram of cost per acre of riparian planting for the compl ete dataset.
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Figure 8. Histogram of log-transformed cost per acre for the complete dataset.
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Area Planted

Log transformed cost per acre was significantly associated with the log-transformed
number of acres planted (Regression, coef. = -0.61, P = 0.000008, R?adj = 0.47; Figure 9).
Larger projects tend to cost less per acre, indicating that there are some economies of scale with
riparian planting projects. A 1% increase in area planted results in a 0.61% decrease in cost per

acre.

Log(Cost per Acre)

Log(Acres Planted)

Figure 9. Log(cost per acre) versus log(acres planted) for our sample of one riparian planting site

per project.

Site Accessibi

lity

We asked restoration contractors to provide information on site accessibility:
€asy = easy access
average = partial vehicle access
difficult = very limited/no vehicle access

We received data on this variable for al 42 of the riparian planting sites. Cost per site and cost
per acre are reported in Tables 20 and 21 respectively.

Table 20. Riparian planting cost by site accessibility for the complete dataset.

Site Number| Minimum Maximum | Average Ditagtqc?r:dof gz Cost
Accessibility | of Sites Cost Cost Cost viatl
Cost
easy 18 $100 $23,550 $9,925 8,414 $8,000
average 14 $120 $114,000 $14,809 30,578 $1,400
difficult 10 $500 $87,480 $34,511 29,590 $22,685
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Table 21. Riparian planting cost per acre by site accessibility for the complete dataset.

. . Standard
Site Number LAl ) Maximum | Average Deviation of | Median Cost

Accessibility | of Sites Cost per Cost per Cost per Cost per per Acre

Acre Acre Acre

Acre

easy 18 $600 $434,783 $55,840 103,910 $8,932
average 14 $40 $87,500 $9,065 23,538 $1,272
difficult 10 $910 $15,109 $4,001 4,541 $2,302

There was a marginally significant difference in log-transformed cost per acre among the
different site accessibility classes (Kruska-Wallis chi-squared = 5.78, df = 2, P = 0.056; Figure
10).
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Site Accessibility

Figure 10. Boxplot of log(cost per acre) for each site accessibility class for our sample of one
riparian planting site per project.

There was also a marginaly significant difference in log-transformed area planted among the

different site accessibility classes (Kruskal-Wallis chi-squared = 4.73, df = 2, p-value = 0.09;
Figure 11).
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Site Accessibility

Figure 11. Boxplot of log(area planted) for each site accessibility class for our sample of one
riparian planting site per project.

There was not a significant difference in log-transformed cost per acre among site accessibility
classes when controlling for the log-transformed number of acres planted (ANCOVA, R? = 0.50;
Table 22)

Table 22. Anova Table (Type Il tests), Response: log(Cost per Acre)

Sum g Df Fvaue Pr(>F)
Log(Area Planted) | 51.402 1 22.271 5.975e-05
Site Accessibility | 8.023 2 1.738 0.1943
Residuals 64.624 28

Material Cost

We asked restoration contractors to provide information about plant material costs:
minimal = bare root, native materials readily available, materials donated — in-kind cost
not reported.

moderate = bare root, weed block, landscape fabric, mulch.

substantial = 1-5+ gallon plants; weed block, landscape fabric/mulch, most materials
purchased, native material not readily available or grown from seed).

We received information on material costs for all 42 riparian planting sites. Cost per site and
cost per acre are reported in Tables 23 and 24 respectively.




Table 23. Riparian planting cost by material cost for the complete dataset.

Material Number of Minimum Maximum Average | Standard Deviation | Median
Cost Sites Cost Cost Cost of Cost Cost
Minimal 19 $100 $87,480 $20,620 26,481 $10,000
Moderate 15 $120 $22,075 $9,687 8,477 $7,000
Substantial 8 $300 $114,000 $24,250 38,122 $9,074

Table 24. Riparian planting cost per acre by material cost for the complete dataset.
Material Number of I\c/l:ionsiruer? I\é%xsitmuerp é\éi:ageer Standard Deviation éﬂoes(:iazr
Cost Sites P P P of Cost per Acre P
Acre Acre Acre Acre
Minimal 19 $40 $120,000 $14,024 34,069 $2,302
Moderate 15 $120 $434,783 $50,615 113,429 $1,694
Substantial 8 $414 $56,000 $18,294 18,975 $11,521

L og-transformed cost per acre did not differ significantly among the different material cost
classes (Kruskal-Wallis chi-squared = 0.44, df = 2, P=0.80; Figure 12). There was till not a

significant association between cost per acre and material cost when controlling for log

transformed area planted.
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Figure 12. Box plot of log(cost per acre) for material cost categories for our sample of one
riparian planting site per project.
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Site Preparation Difficulty

We asked restoration contractors to provide information about the difficulty of preparing
the site for planting:
easy = small debrig/duff removal, dlight sloping
average = pasture sod removal
difficult = non-native removal, machine labor
very difficult = non-native removal, hand labor.
We received data on this variable for 41 of the 42 riparian planting sites. Cost per site and cost
per acre are reported in Tables 25 and 26 respectively.

Table 25. Riparian planting cost by site preparation difficulty for the complete dataset.

Site Preparation | Number of | Minimum | Maximum | Average Standard Median
Difficulty Sites Cost Cost Cost Deviation of Cost Cost
easy 10 $100 $70,000 $9,931 21,953 $1,045
average 13 $200 $30,000 $10,017 9,975 $7,000
difficult 8 $300 $114,000 $25,401 37,444| $15,498
very difficult 10 $120 $87,480 $29,786 26,503| $21,512

Table 26. Riparian planting cost per acre by site preparation difficulty for the complete dataset.

] ] Minimum | Maximum Average Standard Median

Sl Rrgparatlon Num_ber el Cost per Cost per Cost per |Deviation of Cost| Cost per
Difficulty Sites
Acre Acre Acre per Acre Acre

easy 10 $40 $434,783 $58,729 137,098 $5,054
average 13 $163 $100,000 $17,198 34,313 $2,000
difficult 8 $414 $120,543 $33,324 45,341 $13,837
very difficult 10 $120 $56,000 $9,358 17,002 $2,302

L og-transformed cost per acre did not differ significantly among the different classes of site
preparation difficulty (Kruska-Wallis chi-squared = 0.44, df = 2, P = 0.80; Figure 13).
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Site Preparation Difficulty

Figure 13. Box plot of log(cost per acre) for site preparation difficulty categories for our sample
of one riparian planting site per project.

Area planted appears to increase with site preparation difficulty, although there was not a
significant difference in log-transformed area planted among the site preparation difficulty
classes (Kruskal-Wallis chi-squared = 4.38, df = 3, P=0.22; Figure 14). When controlling for
area planted, there is a significant effect of site preparation difficulty on log-transformed cost per
acre (ANCOVA, R? = 0.56; Tables 27 and 28).
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Site Preparation Difficulty

Figure 14. Box plot of log(area planted) for site preparation difficulty categories for our sample
of one riparian planting site per project.

Table 27. ANCOVA Table, response = log(cost per acre), overall Readj = 0.56, P = 0.000022.

Estimate Standard Error t-vaue Pr(>[t])
(Intercept) 7.5720 0.4720 16.043 2.5e-15
log(Area Planted) | -0.7377 0.1140 -6.470 6.2e-07
Site Preparation: | 0.9314 0.6455 1.443 0.1606
average
Site Preparation: | 2.1073 0.7804 2.700 0.0118
difficult
Site Preparation: | 1.9800 0.8964 2.209 0.0359
very difficult
Table 28. Anova Table (Type Il tests), Response: log(Cost per Acre)

Sum &g Df Fvaue Pr(>F)
log(Area Planted) | 84.709 1 41.8598 6.194e-07
Site Preparation 18.009 3 2.9664 0.04969
Difficulty
Residuas 54.639 27

We aso looked at slope as a possible indicator of site preparation difficulty. We
estimated the average slope for each site using Geographical Information Systems (GIS). We
calculated slope from USGS 30 meter National Elevation Data using the Slope function in
ArcGlIS software (ESRI, 2005). The slope values for al cells intersecting the site were averaged
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to arrive at an average dope for each site. There was not a significant effect of slope on log
transformed cost per acre of riparian planting (Regression, P = 0.35, RPadj = -0.003; Figure 15).
There was still not a significant effect of slope when controlling for the number of acres planted.
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Figure 15. Log-transformed cost per acre of riparian planting versus average slope of the site for
our sample of one riparian planting site per project.

Labor Cost

Labor costs are a potentially important factor for riparian planting projects. We did not
ask contractors whether labor was provided by volunteers, conservation crew, or contracted
employees. We did, however, asked restoration contractors whether they were required to pay
prevailing wages (Tables 29 and 30). This question was added to the project form mailed to
contractors after the first mailing was sent out, so we do not have data on this variable for most
of the projects from the first mailing. In addition, this question was asked as a checkbox, which
we now realize leads to ambiguous results. Boxes left blank could indicate that prevailing wages
were not required or that the question wasn’t answered. For this reason, the data on prevailing
wages may not bereliable. For the data we did receive, riparian planting sites where prevailing
wages were required had significantly higher log-transformed cost per acre (Wilcoxon signed
rank test, W = 100, P = 0.001; Figure 16). The effect of prevailing wages on log-transformed
cost per acre remained significant when controlling for the number of acres planted (ANCOVA,
P=0.011, Table 31).
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Table 29. Cost of riparian planting for sites where prevailing wages were and were not required

for the compl ete dataset.
Prevailing Wages | Number of | Minimum | Maximum | Average Standard Median
Required? Sites Cost Cost Cost Deviation of Cost Cost
No 19 $200 $87,480 $20,164 26,855 $6,000
Yes 11 $300 $23,550 $11,282 8,286 $14,000

Table 30. Cost per acre of riparian planting for sites where prevailing wages were and were not

required for the compl ete dataset.

Prevailing Minimum 3 Average Standard Median
Wages g?gi?:; Cost per Col\g?)r()len:lxzre Cost per Deviation of Cost per
Required? Acre Acre Cost per Acre Acre
No 19 $40 $8,500 $1,793 1,818 $2,000
Yes 11 $1,765 $434,783 $77,119 125,433 $32,609
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Figure 16. Boxplot of log(cost per acre) for sites where prevailing wages were and were not
required for our sample of one riparian planting site per project.

Table 31. ANCOVA Table, response = log(cost per acre), overall Readj = 0.62, P = 0.000064.

Estimate Standard Error t-vaue Pr(>Jt)
(Intercept) 9.5652 0.4873 19.630 1.33e-13
Prevailing Wages | -2.0745 0.7300 -2.842 0.0108
Required: No
log(Area Planted) | -0.4583 0.1678 -2.731 0.0137
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We also looked at whether cost was associated with county-level average annual
construction wages or unemployment rates. Average annual construction wages are for ‘Heavy
and Civil Engineering Construction’ from the Covered Employment and Wages (CEW) program
of the Bureau of Labor Statistics. Unemployment rates are county level Labor Force Data from
the Labor Market Information Division of the California Employment Development Department.
Both types of data were associated with restoration sites by year and geographic location. Some
sites are missing construction wage data because data are not available for al counties for each
year.

There was a marginally significant positive association between log-transformed cost per
acre and construction wages (Regression, coef. = 1.009e-04, P = 0.097, Radj = 0.104; Figure
17). Controlling for area planted, however, the effect of average construction wages was not
significant (Regression, P = 0.15).
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Figure 17. Cost per acre for riparian planting versus average annual construction wages for our
sample of one riparian planting site per project. Line represents least squares fit.

There was a significant negative effect of unemployment rate on log-transformed cost per
acre (Regression, coef. = -60.30, P = 0.0032, R?adj = 0.23; Figure 18). Controlling for the log
transformed number of acres planted, the effect of unemployment rate on log-transformed cost
per acre of riparian planting remained significant (Regression, coef. = -43.0, P=0.0051; Table
32). Average construction wages and average unemployment rates are strongly negatively
correlated (Figure 19).
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Figure 18. Cost per acre for riparian planting versus average unemployment rate for our sample
of one riparian planting site per project. Line represents least squares fit.

Table 32. Regression coefficients, response = log(cost per acre), overall Readj = 0.59, P =
0.0000011.

Estimate | Standard Error | t value | Pr(>t|)
(Intercept) 11.0970 | 0.8812 12.592 | 2.79e-13
Average Unemployment Rate | -42.9729 | 14.1987 -3.027 | 0.00515
log(Area Planted) -0.5332 | 0.1031 -5.171 | 1.58e-05
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Figure 19. Average annual construction wages versus average unemployment for riparian
planting sites for our sample of one riparian planting site per project. Points are offset to show
multiple points in the same location.

Irrigation

We asked restoration contractors to provide information about the type of irrigation used:
drip irrigation, hand irrigation, or none. Based on the data received, we added a category for
DriWater (time release watering system). Tables 33 and 34 summarize the cost information by
irrigation type for the complete dataset. Differences in log-transformed cost per acre among
irrigation categories were not significant (Kruskal-Wallis chi-squared = 3.59, df = 3, P = 0.31;
Figure 20). There was a marginaly significant difference in logtransformed cost per acre
among irrigation categories when controlling for the log-transformed number of acres planted
(Tables 35 and 36).

Table 33. Riparian planting cost by irrigation type for the complete dataset.

Irrigation Number of Minimum Maximum Average | Standard Deviation | Median
Type Sites Cost Cost Cost of Cost Cost
driwater 2 $17,000 $19,249 $18,125 1,590 $18,125
drip irrigation 8 $300 $114,000 $20,288 38,326 $6,137
hand 8 $5,085 $70,000 $24,808 20,994 $21,614

irrigation
none 22 $100 $87,480 $15,120 22,592 $4,000
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Table 34. Riparian planting cost per acre by irrigation type for the complete dataset.

Irrigation |Number of| Minimum Maximum é‘ég:ageer Deviiﬁ?onndg;dCost Clv(ljescthagr
Type Sites Cost per Acre | Cost per Acre P P
Acre per Acre Acre
dri-water 2 $8,500 $83,691 $46,096 53,168 $46,096
drip 8 $163 $120,543 $33,003 39,655 $20,355
irrigation
hand 8 $414 $100,000 $26,232 42,081 $2,667
irrigation
None 22 $40 $434,783 $27,073 94,483 $2,000
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Figure 20. Boxplot of log(cost per acre) for riparian planting sites with different irrigation types
for our sample of one riparian planting site per project.

Table 35. ANCOVA Table, response = log(cost per acre), overall Readj = 0.56, P = 0.000032.

Estimate Std. Error t value Pr(>[t)
(Intercept) 9.9354 1.0207 9.734 3.71e-10
Irrigation: drip -0.9247 1.1782 -0.785 0.4396
irrigation
Irrigation: hand -0.5955 1.1565 -0.515 0.6109
irrigation
Irrigation: none -2.1215 1.0864 -1.953 0.0617
log(Area Planted) | -0.6592 0.1104 -5.971 2.65e-06




Table 36. Anova Table (Type Il tests), Response: log(Cost per Acre)

Sum Squares Df F vaue Pr(>F)
Irrigation Type 17.901 3 2.8686 0.05575
Log(Area 74.165 1 35.6546 2.652e-06
Planted)
Residuals 54.083 26
Protection

We also asked restoration contractors whether protection was provided for the plants:
chemical, tubing, shade protection, or none. Data on this variable was provided for 41 of the 42
riparian planting sites (Table 37). There were not significant differences in logtransformed cost
per acre for the different protection categories (Kruskal-Wallis chi-squared = 3.0, df = 4, p-vaue
= 0.56; Figure 21). There were not significant differences in logtransformed cost per acre for
projects that used tubing for protection versus those that didn’t use any protection (Wilcoxon
Rank Sum Test, P = 0.37). There were not significant differences in the area planted for the
planting sites with different types of protection (Kruskal-Wallis chi-squared = 4.13, df = 4, p-
value = 0.39; Figure 22).

Table 37. Cost per acre of riparian planting by protection type for the complete dataset.

Type of Number of | Minimum Cost | Maximum Cost | Average Cost |Standard Deviation of
Protection Sites per Acre per Acre per Acre Cost per Acre

chemical 1 $2,333 $2,333 $2,333
shade $910 $910 $910
protection
tubing 16 $120 $120,543 $21,496 35,427
multiple 1 $690 $690 $690
none 22 $40 $434,783 $37,417 95,457
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Figure 21. Boxplot of log(cost per acre) for each protection type for our sample of one riparian
planting site per project.
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Figure 22. Boxplot of log(acres planted) for each protection type for our sample of one riparian
planting site per project.
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Precipitation

The amount of local precipitation could affect cost of riparian planting because
precipitation affects the need for irrigation, the ease of site preparation, and the ease of plant
establishment. We used average annual precipitation data for the climatological period 1961-90
from the Spatial Climate Analysis Service at Oregon State University (SCAS/OSU) to estimate
precipitation at each site. The data are in the form of a 1.25 arc- minute resolution spatial grid,
which we resampled to a grid cell size of 30.58 meters. The precipitation values for all cells
intersecting each site were averaged to arrive at an average precipitation for each site.

There was a significant negative association between log-transformed cost per acre of
rigarian planting and average annual precipitation (Regression, coef. = 0.077, P = 9.06e-05,
Radj = 0.39; Figure 23). The effect of precipitation remains significant when controlling for the
log-transformed number of acres planted (Regression, coef. = -0.051, P = 0.0017; Table 38).
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Figure 23. Log(cost per acre) versus average annual precipitation for the climatologic period
1961-1990 (inches) for our sample of one riparian planting site per project.

Table 38. Regression coefficients, response = log(cost per acre), overall Readj = 0.61, P =
3.924e-07.

Estimate | Standard Error | t value | Pr(>t|)
(Intercept) 11.069 | 0.77 1432 | 1.11e-14
Precipitation (inches) | -0.051 | 0.015 -3.45 | 0.0017
log(Area Planted) -0.46 0.11 -4.33 | 0.00016

57



Riparian Planting Analysis Summary

There were significant economies of scale with riparian planting projects. Larger
planting projects cost significantly less per acre than smaller projects. The number of acres
planted explained 47% of the variability in cost of riparian planting projects. One potential
problem with this analysisis that we do not know the percentage of a site that was actually
planted, so it is possible that on the larger sites, a smaller fraction of the site was actually
planted, resulting in the lower costs per acre.

Controlling for the number of acres planted, there was a significant negative effect of
precipitation on cost per acre. Other factors that significantly affected the cost per acre of
riparian planting when controlling for number of acres planted included site preparation
difficulty and the type of irrigation that was used (marginally significant). In addition, sites
where contractors were required to pay prevailing wages for labor had significantly higher costs
per acre than sites where prevailing wages were not required, and sites in areas with higher
average unemployment rates cost less per acre of planting on average than sites with lower
average unemployment rates. In theory, it would be easier to find cheap labor in areas with
higher average unemployment rates.

Culvert Replacement

We received data on 42 sites that included cost information associated with culvert
replacement. The sites came from 31 different projects. There were between 1 and 5 sites per
project (Table 39). Number of sites and cost statistics are reported in Table 40.

Table 39. Number of projects by number of sites per project for culvert replacement projects

Number of Sites|[Number of Projects
1 24
2 5
3
5

Table 40. Summary of culvert replacement cost.

Number of |Minimum Cost per |Maximum Cost per |Average Cost per| Standard Deviation of
Sites Culvert Culvert Culvert Cost per Culvert

42 $379 $420,393 $95,986 133,981

For comparison, we also looked at the cost of culvert replacement for projectsin the
original CHRPD database from 3/14/05 (Table 41). Cost data in the CHRPD are recorded at the
project level. To attempt to get accurate values of cost of culvert replacement, we limited the
projects to those with only one task (culvert replacement), one measurement type, and one site
per project. We aso only looked at projects that began in 1998 or later. Only six projects met
these criteria. One of the selected culvert replacement projects from the CHRPD (ProjID
704823) occurs in the new database, but this project involved the replacement of a bridge, not a
culvert, and so was not included in the culvert replacement analysis.
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Table 41. Summary of culvert replacement cost data from the CHRPD (3/14/05). Sites are
limited to projects since 1997 with only one task (culvert replacement), one measurement type,
and one site per project. The high cost project with units of ‘crossing’ is a bridge replacement
project, not a culvert replacement.

Num_ber of Unit Minimum Qost Maximum _Cost Average C_ost Standard Deviati.on of
Sites per Unit per Unit per Unit Cost per Unit
3|culvert $1,924 $24,234 $13,339 11,164
2|crossing $22,684 $500,000 $261,342 337,513
1|structure $5,631 $5,631 $5,631
Analysis

As was mentioned above, new data that we collected from contractors included 42 sites
with culvert replacement data, from 31 different projects. Most statistical analyses require
independence of samples, and clearly samples from the same project are not independent. So,
for statistical analyses we randomly selected one site from each project and used this subset of
the data for our analyses. Cost values are reported here as cost per culvert. 39 of the sites have a
single culvert replacement, 2 have 2 culvert replacements, and one has 12 culvert replacements.
Cost per culvert ranged from $378.50 to $420,393.50 with an average of $95,986.40. Values of
cost per culvert are heavily skewed and somewhat multi-modal (Figure 24). The median cost per
culvert is $15,763. Anayses were performed on log-transformed cost per culvert (Figure 25).
Note the bimodal distribution of the logtransformed data.

There is considerable missing data for the various predictor variables for culvert
replacement. Before randomly sampling one site from each project, we limited the data to the
subset of Sites that have data for road type, stream flow, and excavation amount. There were 33
sitesin this subset from 25 projects.
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Figure 24. Histogram of cost per culvert for all culvert replacement projects.
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Figure 25. Probability density of log-transformed cost per culvert for all culvert replacement
projects.
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Road Type

We asked restoration contractors to provide the type of road above the culvert: forest
road, minor 2 lane, magor 2 lane, or highway 4+ lane. Of the 42 sites for which culvert
replacement data were collected, 27 were forest roads, 13 were minor 2 lane, 1 was amajor 2
lane, and 1 had no data for road type; there were no culvert replacements associated with
highways in our dataset (Table 42). For our analysis of cost by road type, we eliminated the
major 2 lane road category because it only had one data point. For our sample of sites, log
transformed cost per culvert was significantly higher for minor 2 lane roads than for forest roads
(Wilcoxon rank sum test,W = 8, P = 4.96e-05; Figure 26).

Table 42. Cost per culvert of culvert replacement by road type for the complete dataset.

Minimum Maximum Standard '
Number Average Cost o Median Cost
RoadType of Sites Cost per Cost per per Culvert Deviation of Cost per culvert
Culvert Culvert per Culvert
forest road 27 $379 $217,907 $23,391 47,311 $7,700
minor 2 13 $5,075 $412,781 $227,113 129,735 $224,212
lane
major 2 1 $420,393 $420,393 $420,393 $420,394
lane
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Figure 26. Boxplot of log(cost per culvert) for culvert replacement sites with different road types
for our sample of one culvert replacement site per project.
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Stream Characteristics

We asked restoration contractors to provide information on stream order as a surrogate
for stream size: 1% order, 2" order, or 3" order and above. Of the 42 bank stabilization projects,
30 have stream orders provided by contractors. Stream order values provided by contractors
were double-checked against routed hydrography data from the California Department of Fish
and Game (CDFG). Of the 30 stream orders reported by contractors for culvert replacement
sites, 18 (60%) were incorrect according to the CDFG stream data. These values were corrected
(1 was higher than reported and 17 were lower). 9 additional sites, for which contractors did not
provide stream order, were assigned stream orders based on the CDFG hydrography data (7
sites) or the DEM derived hydrography data (2 sites), resulting in 39 sites with stream orders. Of
the 39 sites with stream order data, 30 were on first order streams, 8 on 2" order, and 1 on 3
order and above. Cost per site and cost per culvert are reported in Tables 43 and 44 respectively.

Table 43. Cost of culvert replacement by stream order for the complete dataset.

Stream Order Num_ber of | Minimum Maximum Average |Standard Deviation| Median

Sites Cost Cost Cost of Cost Cost
1st order 30 $1,479 $420,393 $70,436 118,441 $9,675
2nd order 8 $10,210 $412,781| $176,535 $164,279| $131,288
3rd order and 1 $285,530 $285,530| $285,530 $285,530
above

Table 44. Cost per culvert of culvert replacement by stream order for the complete dataset.

Standard

Stream |[Number [Minimum Cost |[Maximum Cost|Average Cost Deviation of Cost Median Cost
Order |of Sites| per Culvert per Culvert per Culvert per Culvert
per Culvert
1st order 30 $970 $420,393 $70,404 118,460 $9,675
2nd order 8 $851 $412,781 $175,365 165,660 $131,288
3rd order 1 $285,530 $285,530 $285,530 $285,530
and above

Cost of culvert replacement was significantly higher for sites on 2" order streams than
for sites on 1% order streams (Wilcoxon signed rank test, W = 22, P = 0.033; Figure 27).

62



g _ n=18 n=6 n=0
1
:
N |
—
=
(O]
> ]
5 —
O
2 S- ;
-
[72]
(e}
@) o —
N—r
(@]
o
- 1
w p— 1
|
1
I
~ — I
T T T
1st order 2nd order >= 3rd order

Stream Order

Figure 27. Boxplot of log(cost per culvert) by stream order for our sample of one culvert
replacement site per project.

Estimates of actual stream flow were derived using a program that estimates stream
characteristics based on topography and rainfall (Miller, 2003). Sites were associated with
streams output by this program in a GIS system based on proximity, and the flow for thereach
that corresponded to the center of the site was recorded. Using this methodology, flow values
could be estimated for 36 of the 42 instream sites. The remaining sites could not be
unambiguously assigned to a stream in the DEM-derived hydrography. There was one ouitlier
with very high flow in the stream flow data. This site was aso the only culvert replacement on a
39 order stream. Examination of the notes for this site (7200476) revealed that the culvert is not
in the stream but adjacent to it where excess water flows when flows are high, so the stream
characteristics for this data point do not accurately relate to the culvert replacement data. This
point was omitted from the analyses of stream characteristics.

Flow estimates were heavily right skewed (Figure 28). Logtransformed cost per culvert
was significantly positively associated with log-transformed flow (Regression, coef = 0.70, P =
2.27e-06, R?adj = 0.63; Figure 29). Aswould be expected, stream flow differs significantly for
the different stream orders (Wilcoxon signed rank test, W = 24, p-value = 0.049; Figure 30).
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Figure 29. Log(cost per culvert) versus log(stream flow) for our sample of one culvert
replacement site per project. Line represents least squares fit. Flow values are measured in
cubic feet per second.
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Figure 30. Boxplot of log(stream flow) for each stream order. Flow values are measured in cubic
feet per second.

Flow was also associated with road type. The flow under minor 2-lane roads was significantly
higher than that under forest roads (Wilcoxon signed rank test, W = 33, P = 0.045; Figure 31).
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Figure 31. Boxplot of log(stream flow) for each road type. Flow values are measured in cubic
feet per second.
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Culvert Characteristics

We asked restoration contractors to provide the diameter (in inches) and length (feet) of
the replacement culvert. We also asked for the type of the replacement culvert — corrugated steel
pipe, structural steel pipe (SSP) open bottom arch, open-bottom concrete box/arch, closed
concrete box, concrete circular or arch pipe, log/wood, or bridge — and whether the culvert was
constructed onsite or was precast. Diameters were provided for 32 and lengths for 41 of the 42
culvert replacement projects. We received information about the type of culvert for all but one
of the culvert replacement sites (Table 45 and 46), and about the construction of the culvert for
all but one of the culvert replacement sites (Tables 47 and 48).

Table 45. Cost of culvert replacement by culvert type for the complete dataset. The *other*
category represents types that were not included in the choices but were written in by the
contractor. 5 of the 6 culvertsin the ‘other’ category were plastic pipe culverts.

Culvert T Number of | Minimum | Maximum | Average Standard Median
ulvert type Sites Cost Cost Cost Deviation of Cost Cost
bridge 9 $23,018 $420,393 $162,688 167,588| $23,018
corrugated steel 17 $757 $15,356 $5,481 4,030 $757
pipe

open-bottom 1| $376,696 $376,696] $376,696 $376,696
concrete box/arch

other 6 $3,500 $138,577 $32,186 52,425 $3,500
SSP open bottom 8| $124,000 $401,078 $238,093 79,212 $124,000
arch

Table 46. Cost per culvert for culvert replacement by culvert type for the complete dataset. The
‘other* category represents types that were not included in the choices but were written in by the
contractor. 5 of the 6 culvertsin the ‘other’ category were plastic pipe culverts.

Number Minimum Maximum Average Standard Median
Culvert Type of Sites Cost per Cost per Cost per Deviation of Cost per
Culvert Culvert Culvert Cost per Culvert| Culvert
bridge 9 $23,018 $420,393 $162,688 167,588 $ 87,000
corrugated 17 $379 $15,356 $5,401 4,117 $ 4,500
steel pipe
open-bottom 1 $376,696 $376,696 $376,696 $ 376,696
concrete
box/arch
other 6 $3,500 $138,577 $32,186 52,425 $ 14,373
SSP open 8 $124,000 $401,078 $238,093 79,212 $ 221,060
bottom arch
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Table 47. Cost of culvert replacement for culverts that were precast or constructed onsite for the
entire dataset.

Const Numper of Minimum Maximum Average |Standard Deviation of | Median
Sites Cost Cost Cost Cost Cost

onsite 19 $1,800 $412,781 $140,334 135,724 $124,000

precast 22 $757 $420,393 $62,019 125,840 $6,900

Table 48. Cost per culvert of culvert replacement for culverts that were precast or constructed
onsite for the entire dataset.

Const Number of [Minimum Cost [Maximum Cost | Average Cost Devisai?gr?zrdeost Median Cost
Sites per Culvert per Culvert per Culvert per Culvert
per Culvert
onsite 19 $1,800 $412,781 $140,334 135,724 $124,000
precast 22 $379 $420,393 $61,532 126,070 $5,555

There was a highly significant positive relationship between log-transformed cost per
culvert and log-transformed culvert diameter (Regression, coef. = 2.0, P = 1.38e-08, Radj =
0.85; Figure 32). Open-bottom arch culverts tended to have higher cost and larger diameters
than corrugated steel pipe culverts (Figure 32). Logtransformed culvert diameter was
s gnificantly dependent on log-transformed stream flow (Regression, coef = 0.39, P = 2.06e-06,
R°adj = 0.75) and was also significantly associated with the type of road above the culvert —
minor 2 lane roads were associated with larger culverts than forest roads.

L og-transformed cost per culvert was aso significantly positively associated with culvert
length (Regression, coef. = 0.033, P = 0.041, Readj = 0.13; Figure 33).
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Figure 32. Log(cost per culvert) versus log(culvert diameter) for our sample of one culvert
replacement site per project. Line represents least squares fit. Diameter is measured in inches.
Culvert types are distinguished by symbols: csp = corrugated steel pipe, sspoba = structural steel
pipe open bottom arch, obcba = open bottom concrete box arch.
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Figure 33. Log(cost per culvert) versus culvert length for our sample of one culvert replacement

Site per project. Line represents least squares fit. Length is measured in feet. Culvert types are

distinguished by symbols: csp = corrugated steel pipe, sspoba = structural steel pipe open bottom
arch, obcba = open bottom concrete box arch.
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There were significant differences in cost among the different culvert types (Kruskal-
Walis chi-squared = 17.08, df = 4, P =0.0019; Figure 34). There was not a significant
difference in cost between corrugated steel pipe (csp) culverts and those in the *other’ category,
most of which are plastic pipe culverts (Wilcoxon signed rank test, W = 23, p-value = 0.28). We
reclassified the culvert types to group plastic pipe culverts from the ‘ other’ category and the csp
culvertsinto a pipe culvert category (p) and group open bottom concrete box arch culverts
(obcba) with structural steel pipe open bottom arch culverts (sspoba) into an open bottom arch
category (oba) (Figure 35 and Table 49).

L og-transformed cost per culvert was higher for bridges and open bottom arch culverts
than for pipe culverts (ANOVA, P = 2.831e-08, Tukey Padj < 0.00001; Figure 35). Stream flow
also differed significantly among the different culvert types. Aswould be expected, bridges and
open-bottom arch culverts tended to be on higher flow streams than pipe culverts (Tukey, Padj
<0.001; Figure 36).
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Figure 34. Boxplot of log(cost per culvert) for each culvert type for our sample of one culvert
replacement site per project. csp = corrugated steel pipe, sspoba = structural steel pipe open
bottom arch, obcba = open bottom concrete box arch.
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Figure 35. Boxplot of log(cost per culvert) for each culvert type for our sample of one culvert
replacement site per project. b = bridge, oba = open-bottom arch, p = pipe.
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Figure 36. Boxplot of log(flow) for each culvert type for our sample of one culvert replacement
site per project. b = bridge, oba = openbottom arch, p = pipe.
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Table 49

. Cost per culvert by culvert type for our sample of one culvert replacement site for each

project.

Culvert | Number I\c/lzlon;{npuer? '\é%);'r]puer:] Average Cost Devi?t?cr;r??)rdeost Median Cost
Type of Sites Culvert Culvert per Culvert per Culvert per Culvert
bridge 6 $23,018 $420,393 $217,866 183,278 $209,250
open- 7 $124,000 $401,078 $262,760 98,550 $228,775

bottom
arch
pipe 11 $970 $17,218 $7,440 5,565 $5,075

Overadll, there was no difference in log-transformed cost per culvert for sites with precast
culverts compared with sites where culverts were constructed onsite (Figure 37). Separating out
the culvert types, there appear to be differences within some types (Figure 38). For example,
bridges constructed onsite appear to cost more than precast bridges, but the sample sizes are too
small for statistical analyses.
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Figure 37. Boxplot of log(cost per culvert) for projects with precast culverts and culverts
constructed onsite.
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Figure 38. Boxplot of log(cost per culvert) by culvert type and construction type for our sample
of one culvert replacement site per project. b = bridge, oba = open bottom arch, p = pipe.

Excavation

We asked restoration contractors to provide the number of cubic yards of fill excavated
for each culvert replacement. We received data on this variable for 37 of the 42 culvert
replacement projects.

L og-transformed cost per culvert was significantly positively associated with log
transformed excavation (Regression, coef. = 0.67, P = 0.0035, R%adj = 0.29; Figure 39). An
analysis of covariance with log(cost per culvert) as the response variable and log(excavation) and
culvert type (bridge, openbottom arch, or pipe) as the predictors was highly significant
(ANCOVA, P = 3.296e-08, R%adj = 0.82). The effect of logtransformed excavation was till
marginally significant when controlling for the type of culvert (ANCOVA, coef. = 0.25, P=
0.054). Culvert type significantly affected log(cost per culvert) when controlling for
log(excavation) (ANCOVA, P = 3.559e-07).
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Figure 39. Log(cost per culvert) versus log(excavation). Line represents least squares fit.
Excavation is measured in cubic yards.

Culvert Replacement Analysis Summary

The best predictor of cost for culvert replacement projects was the diameter of the
replacement culvert. Diameter of the culvert explained 85% of the variability in cost per culvert.
Culvert diameter was significantly positively dependent on stream flow, which was also
positively associated with cost per culvert, explaining 63% of the variability in cost. Asfollows
naturally from the relationship between cost per culvert and flow, there was also a significant
relationship between cost per culvert and stream order: replacement of culverts on 2nd order
streams cost significantly more than culvert replacements on 1% order streams.

Other factors that affected the cost per culvert of culvert replacements included the type
of road over the culvert (culverts below minor 2-lane roads cost more to replace than those below
forest roads) and the amount of excavation that was done in replacing the culvert. Type of
culvert also affected the cost of replacement; pipe culverts cost significantly less to replace than
open-bottom arches and bridges.

Existing Culvert Improvement

We received data on only 3 sites that included cost information associated with existing
culvert improvement. Each site was from a different project. Datafor the three sites are
reported in Table 50.
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Table 50. Cost of culvert improvementby improvement type for the entire dataset.

Improvement Type Cost |Cost per Foot|Weir Installed|Culvert Length (feet)
Other $13,341 $111|Boulder weir 120
Washington baffles, metal|{$17,944 $608/None 30
Other $575 None

For comparison, we also looked at the cost of culvert improvement for projects in the
original CHRPD database from 3/14/05. Cost data in the CHRPD are recorded at the project
level. To attempt to get accurate values of cost of existing culvert improvement, we limited the
projects to those with only one task (existing culvert improvement), one measurement type, and
one site per project. We also only looked at projects that began in 1998 or later. There was only
one project that met these criteriain the CHRPD (Table 51).

Table 51. Culvert improvement cost data from the CHRPD (3/14/05). Sites are limited to
projects since 1997 with only one task, one measurement type, and one site per project. Only
one site met these criteria.

ProjID |DetailsID Treatment Total Cost |[Measure|Units|Cost per Unit
720069 37|Culvert retrofitted with baffles or weirs $9,395 2|baffle $4,698

I nstream Structures

We received data on 58 sites that included cost information associated with instream
structures. The sites came from 38 different projects. There were between 1 and 10 sites per
project (Table 52). Number of sites and cost statistics are reported in Tables 53 and 54. Sitesin
table 54 are a subset of the sitesin Table53.

Table 52. Number of projects by number of sites per project for instream structures projects.

Number of Sites|[Number of Projects
1 30

2 4

3 2

4 1

10 1

Table 53. Summary of instream structures cost per structure.

Number of | Minimum Cost per | Maximum Cost per | Average Cost per | Standard Deviation of
Sites Structure Structure Structure Cost per Structure

58 $250 $175,000 $12,375 29,040
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Table 54. Summary of instream structures cost per stream mile.

Number of Minimum Cost |Maximum Cost per|Average Cost per| Standard Deviation of
Sites per Mile Mile Mile Cost per Mile
45 $4,032 $46,757,000 $2,192,072 7,461,388

For comparison, we also looked at the cost of instream structures for projects in the
original CHRPD database from 3/14/05 (Table55). Cost datain the CHRPD are recorded at the
project level. To attempt to get accurate values of cost of instream structures, we limited the
projects to those with only one task (instream structures), one measurement type, and one site per
project. We also only looked at projects that began in 1998 or later. Only one of the selected
instream structure projects from the CHRPD (704943) occurs in the new database, but no data
was received for this project.

Table 55. Summary of instream structure cost data from the CHRPD (3/14/05). Sites are limited
to projects since 1997 with only one task, one measurement type, and one site per project.

Number of Unit Minimum Cost | Maximum Cost | Average Cost | Standard Deviation of
Sites per Unit per Unit per Unit Cost per Unit
11|structure $214 $11,335 $2,563 3,133
5|mile $220,528 $552,118 $364,521 163,890
Analysis

As was mentioned above, the new data that we collected from contractors included 58
sites with data for instream structures, from 38 different projects. Most statistical analyses
require independence of samples, and clearly samples from the same project are not independent.
So, for statistical analyses we randomly selected one site from each project and used this subset
of the data for our analyses. Cost values are reported here as cost per structure. The number of
sites with each number of structures is shown in Table56. Cost per structure ranged from
$250.00 to $175,000.00 with an average of $12,374.85. The median cost per structureis
$3,366.70.

Table 56. Number of sites by number of structures per site.

Number of StructuresiNumber of Sites
1 18
2 6
3 7
4 5
5 1
6 2
7 3
8 6
9 1

10 5
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Number of StructuresiNumber of Sites
12 2
14 1
19 1

Material Type

We asked restoration contractors to provide the primary material type of the structures

installed:

wood = logs/rootwads/tree bundles

rock/boulder = boulder/rock/cobble structures
both = both wood and rock
bioengineered = planting/placement of live plants/cuttings
other = concrete/wire/geotextile fabric, etc.

We received information on the material type of the structures for al but one of the 58 instream
structures sites. The number of sites and cost per site and per structure are provided in Tables 57
and 58. Additional categories were added for cement structures and for multiple materia types
when multiple types were provided by the contractor.

Table 57. Cost of instream structures by material type for the complete dataset.

Material Type Num_ber of | Minimum Maximum | Average |[Standard Deviation| Median
Sites Cost Cost Cost of Cost Cost
wood 15 $3,367 $16,766 $6,074 4,406 $3,367
rock/boulders 19 $500 $222,000 $38,500 60,455 $9,300
both 17 $8,000 $51,323 $19,748 12,390 $15,659
concrete/cement 3 $17,100 $93,514 $53,128 38,393 $48,769
multiple 2 $15,000 $94,000 $54,500 55,861 $54,500
other 1 $350,000 $350,000/ $350,000 $350,000

Table 58. Cost per structure of instream structures by material type for the complete dataset.

Number Minimum Maximum Average Di\t/?gtcij:r:dof Median Cost
Material Type of Sites Cost per Cost per Cost per Cost per
! Structure Structure Structure per Structure
Structure

wood 15 $882 $3,367 $2,721 1,031 $3,367
rock/boulders 19 $250 $39,302 $7,015 10,492 $2,878
both 17 $1,163 $51,323 $6,226 11,735 $3,500
concrete/cement 3 $4,275 $93,514 $48,853 44,620 $48,769
multiple 2 $1,250 $94,000 $47,625 65,584 $47,625
other 1 $175,000 $175,000 $175,000 $175,000
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For our analyses, we focused on the three most common types of structures. those made
from wood, rock, or both wood and rock. The other 3 categories had significantly higher costs
per structure and had small sample sizes. We selected this subset of projects before sampling
one site from each project. The resulting sample includes 32 sites. There are only 4 siteswith
wood structures in the sample because 10 of the 15 wood instream structure sites were from the
same project and another project had 3 wood structure sites.

Cost per structure for the sample of sites was heavily skewed (Figure 40). We wsed log
transformed cost per structure for our analyses. Logtransformed cost per structure did not differ
significantly among the three material types (Kruskal-Wallis chi-squared = 1.07, df =2, P=
0.58; Figure 41).
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Figure 40. Histogram of cost per structure for our sample of one instream structure site per
project.
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Figure 41. Boxplot of log(cost per structure) for each material type for our sample of one
instream structure site per project.

Stream Characteristics

We asked restoration contractors to provide informationon stream order as a surrogate
for stream size: 1% order, 2" order, or 3 order and above. All 58 instream structure sites have
associated stream orders. Stream order values provided by contractors were double-checked
againgt routed hydrography data from the California Department of Fish and Game (CDFG). Of
the 48 stream orders reported by contractors for instream structure sites with materia types of
wood, rock, or both, 17 (35%) were incorrect according to the CDFG stream data. These values
were corrected (7 were higher than reported and 10 were lower). Sites were relatively evenly
divided among the stream orders. There were 14 1% order sites, 18 2" order sites, and 16 sites on
streams 3" order and above. Data for the number and cost of instream structure sites by stream
order for our sample of one site per project are shown in Tables 59 and 60.

Table 59. Cost of instream structures by stream order for our sample of one instream structure
Site per project.

Stream Order Num_ber of | Minimum Maximum Average |Standard Deviation | Median

Sites Cost Cost Cost of Cost Cost
1st order 7 $500 $222,000 $54,232 84,807 $9,300
2nd order 13 $2,000 $138,577 $26,576 37,792  $12,096
3rd order and 12 $1,723 $78,000 $23,475 21,432 $19,335
above
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Table 60. Cost per structure of instream structures by stream order for our sample of one
instream structure site per project.

Stream | Number I\c/I:ml:num I\éamtmum Average Cost D .S:f';\nda;dc i Median Cost
Order of Sites ost per ost per per Structure eviation ot £0S per Structure
Structure Structure per Structure
1st order 7 $250 $39,302 $11,124 15,716 $ 2000
2nd order 13 $882 $19,797 $4,767 5,042 $ 2878
3rd order 12 $862 $51,323 $6,848 14,118 $ 2538
and above

Cost per structure did not differ significantly among stream orders (Kruskal-Wallis chi-
squared = 0.13, df =2, P=0.94; Figure 42).
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Figure 42. Boxplot of log(cost per structure) by stream order for our sample of one instream
structure site per project.

Estimates of actual stream flow were derived using a program that estimates stream
characteristics based on topography and rainfall (Miller, 2003). Sites were associated with
streams output by this program in a GIS system based on proximity, and the flow for the reach
that corresponded to the center of the site was recorded. Using this methodology, flow values
could be estimated for 54 of the 58 instream structure sites. The remaining sites could not be
unambiguously assigned to a stream in the DEM-derived hydrography.

Flow estimates were heavily right skewed (Figure 43). Logtransformed cost per
structure was not significantly associated with log-transformed flow (Regression, P = 0.143,
R?adj = 0.043; Figure 44). We have low power to detect an effect of stream flow on cost
because there is only one instream structure site on a high flow stream. Aswould be expected,
stream flow differs significantly for the different stream orders (Kruska-Wallis chi-squared =
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17.45, df = 2, P=0.00016; Figure 45). Material types also differed significantly with log
transformed stream flow (Kruskal-Wallis chi-squared = 7.65, df = 2, P=0.02; Figure 46). Sites
on higher flow streams tended to have structures made of both wood and rock.
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Figure 43. Histogram of stream flow for our sample of one instream structure site per project.
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Figure 44. Log(cost per structure) versus log(stream flow) for our sample of one instream
structure site per project. Line represents least squares fit. Flow values are measured in cubic
feet per second.
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Figure 45. Boxplot of log(stream flow) for each stream order for our sample of one instream
structure site per project. Flow values are measured in cubic feet per second.
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Figure 46. Boxplot of log(flow) by material type for instream structure sites for our sample of
one instream structure site per project.
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Project Size

There was not a significant relationship between number of structures per site and cost
per structure (Regression, P = 0.44; Figure 47).
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Figure 47. Log(cost per structure) versus number of structures per site for our sample of one
instream structure site per project.

Material Size

We asked restoration contractors to provide the size of boulders (tons) and the diameter
of wood (inches) used in the instream structures. We received data on rock size for 38 of the 58
instream structures projects; there was only one site that had a material type of rock size for
which we did not receive information on the size of the rock. We received data on wood
diameter for 34 of the 58 instream structures sites; we received data on wood diameter for all
sites that had wood as a primary structure material. Some contractors provided a range of sizes
for material type. In these cases, we used the average vaue for our analyses. There was a
marginally significant effect of rock size on cost per structure (Regression, coef. = 0.25, P =
0.09, R%adj = 0.075; Figure 48). There was not a significant relationship between log
transformed cost per structure and wood diameter (Regression, P = 0.27; Figure 49).
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Figure 48. Log(cost per structure) versus rock size (tons/boulder) for our sample of one instream
structure site per project.
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Figure 49. Log(cost per structure) versus wood diameter (inches) for our sample of one instream
structure site per project.
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Distanceto Materials

We asked restoration contractors to provide information on the distance to materials. We
received data on distance to materials for 42 of the 58 sites. Some contractors gave multiple
distances when multiple types of materials were used. In these cases we used the maximum
distance.

L og-transformed cost per structure was not significantly associated with the distance to
materials for the sample of one site per project (Regression, P = 0.151; Figure 50). For the
subset of these sites that have rock as the primary material type, however, there was a significant
association between log-tranformed cost per structure and distance to materias (Regression, coef
=0.070, P=0.0052, R°adj = 0.48; Figure 51).

We also asked restoration contractors whether materials were available onsite. This
guestion was asked as a checkbox, so unchecked boxes indicate that the materials were not
available onsite, but could aso indicate no response to the question. There was not a significant
difference in log-transformed cost per structure for sites with materials available onsite compared
with sites where materials were not available onsite (Wilcoxon signed rank test, W = 103, P =
0.24; Figure 52).

— _
— o
o

o _|
—~~ — o
g
>
©
EREE .
e o o
8 0 — @ °© o
—
2} 5 o & o o
o o
2 ° o
o N~
o o o
-

LO_

o

I I I I I I I I
0 10 20 30 40 50 60 70

Distance to Materials (miles)

Figure 50. Log(cost per structure versus distance to materials (miles) for our sample of one
instream structure site per project.
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Figure 51. Log(cost per structure) versus distance to materials (miles) for the subset of siteswith
rock as the primary structure material.
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Figure 52. Boxplot of log(cost per structure) for instream structures sites with and without
materials available onsite for our sample of one instream structure site per project.
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Site Accessibility

There was not a significant association between site accessibility and log-transformed
cost per structure (Kruskal-Wallis chi-squared = 2.99, df = 2, P = 0.22; Figure 53).
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Figure 53. Boxplot of log(cost per acre) for each site accessibility class for our sample of one
instream structure site per project.

Design Costs/Risk

A factor that can possibly affect the cost of instream structures placement is the design
cost of the project, which increases with the level of risk involved. The risks involved with
instream structures placement include possible flooding and hazards to people using the stream.
Proper design can minimize the risks but will increase the cost of the project. For this reason, we
would expect the cost of instream structure placement to be higher on more heavily used streams
and streams near urban areas. We did not ask contractors to provide information on these
variables. Possible surrogates for risk include population density and distance from the site to
the nearest urban area

Population density estimates for places and balance of county areas were derived from
the US Census Bureau 2000 Census data. The units of population density are people per square
mile. These data were associated with restoration sites using GIS. Log transformed cost per
structure was marginaly significantly positively associated with Box-Cox transformed
population density (power = -0.4) (Regression, P = 0.10; Figure 54).

Distance from each site to the nearest urban area was estimated using Geographical
Information Systems (GIS) software. We used the urban areas from the US Census Bureau
TIGER/Line data, which are defined as densely settled territories that contain 50,000 or more
people. The distance from the edge of each site feature to the edge of the nearest urban areawas
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calculated using the Spatia Join tool in ArcMap 9.1 for lines and points and using the Nearest
Features script for ArcView 3.2 by Jeff Jenness for polygons. There was not a significant
association between log-transformed cost per structure and distance to the nearest urban area
(Regression, P = 0.561; Figure 55).
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Figure 54. Log(cost per structure) versus box-cox transformed population density (power = -0.4)
for our sample of one instream structure site per project.
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Figure 55. Log(cost per structure) versus distance to nearest urban area (miles) for our sample of
one instream structure site per project.
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Labor Cost

As asurrogate for labor costs, we collected information on unemployment rates and
construction salaries from the California Employment Development Department (CalEDD) and
Rand California respectively. Unemployment rates are county level Labor Force Data from the
Labor Market Information Division of the CA[EDD. Average annual construction wages are for
‘Heavy and Civil Engineering Construction’ from the Covered Employment and Wages (CEW)
program of the Bureau of Labor Statistics but were acquired from Rand California. Datafrom
both datasets are at the county level and were assigned to sites based on the county the site
occurs within and the year the project began. When sites overlapped multiple counties, the data
were assigned to sites based on a weighted average of how much of each site occurs within each
county. Some sites are missing construction wage data because data are not available for al
counties for each year.

There was a significant negative association between log-transformed cost per structure
and average unemployment rate (Regression, coef = -35.01, P = 0.011, R?adj = 0.17; Figure 56).
There was not a significant relationship between log-transformed cost per structure and average
annual construction wages (Regression, P = 0.25, Figure 57).

We also asked contractors whether they were required to pay prevailing wages. There
was not a significant association between log-transformed cost and whether or not prevailing
wages were required (Wilcoxon rank sum test, P = 0.22).
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Figure 56. Log(cost per structure) versus average annual unemployment rate for our sample of
one instream structure site per project.
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Figure 57. Log(cost per structure) versus average annual construction wages for our sample of
one instream structure site per project.

I nstream Structures Analysis Summary

Most of the factors that we looked at did not significantly affect the cost of instream
structure restoration projects. The only variable that had a significant effect on cost per structure
was average unemployment rate, which only explained 17% of the variability in cost. There
were marginally significant positive effects of rock size and population density (Box-Cox
transformed) on log-transformed cost per structure. In addition, isolating just the instream
structures with rock as the primary structure material, there was a significant positive effect of
distance to materials on log-transformed cost per structure.

There are many sources of error in our data and analyses. A fundamental problem with
our analyses is that we are looking at each variable individually because our sample sizes are too
small for the type of multivariate analyses we would like to conduct. In addition, to this
overarching issue, there are potential problems with the data themselves. An example of thisis
the material type data for the instream structures projects. We asked contractors to provide the
primary structure material. Some contractors gave one material type, and others identified
multiple types. It is possible that some of the sites that have only one material type listed
actually had multiple materials, so there is the potentia for inconsistencies in this variable.

Bank Stabilization

We received data on 53 sites that included cost information associated with bank
stabilization. The sites came from 38 different projects. There were between 1 and 5 sites per
project (Table 1). Number of sites and cost statistics are reported in Table62.
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Table 61. Number of projects by number of sites per project for bank stabilization projects.

Number of Sites|[Number of Projects
1 29
2 6
3 1
4 1
5 1

Table 62. Summary of bank stabilization cost per foot.

Number of
Sites

Minimum Cost per
Foot

Maximum Cost per
Foot

Average Cost per
Foot

Standard Deviation of Cost

per Foot

53

$4

$895

$124

198

For comparison, we aso looked at the cost of bank stabilization for projectsin the
original CHRPD database from 3/14/05 (Table63). Cost data in the CHRPD are recorded at the
project level. To attempt to get accurate values of cost of bank stabilization, we limited the
projects to those with only one task (bank stabilization), one measurement type, and one Site per
project. We also only looked at projects that began in 1998 or later. There were only 4 projects
meeting these criteria. None of the selected bank stabilization projects from the CHRPD occur
in the new database.

Table 63. Summary of bank stabilization cost data from the CHRPD (3/14/05). Sites are limited

to projects since 1997 with only one task, one measurement type, and one site per project.

Number of Unit Minimum Cost per|Maximum Cost per|Average Cost per|Standard Deviation of Cost
Sites ! Unit Unit Unit per Unit
3|foot $31 $97 $54 37
llacre $335 $335 $335
Analysis

As was mentioned above, the new data that we collected from contractors included 53
sites with data for bank stabilization, from 38 different projects. Most statistical analyses require
independence of samples, and clearly samples from the same project are not independent. So,
for statistical analyses we randomly selected one site from each project and used this subset of
the data for our analyses. Cost values are reported here as cost per foot of bank treated. Cost per
foot ranged from $4 to $895 with an average of $124. The median cost per foot is $50.

Project Size

There was not a significant effect of project size on log-transformed cost per foot of bank
stabilization (Regression, P = 0.51; Figure 58).
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Figure 58. Log(cost per foot) versus number of feet of bank stabilized for our sample of one
stream bank stabilization site per project.

Stream Characteristics

We asked restoration contractors to provide information on stream order as a surrogate
for stream size: 1% order, 2" order, or 3" order and above. Of the 53 bank stabilization projects,
52 have associated stream orders, and one is an upslope project. Stream order values provided
by contractors were double-checked against routed hydrography data from the California
Department of Fish and Game (CDFG). Of the 52 stream orders reported by contractors for
stream bank stabilization sites, 12 (23%) were incorrect according to the CDFG stream data.
These values were corrected (7 were higher than reported and 5 were lower). There were 15 1%
order sites, 12 2" order sites, and 25 sites on streams 3" order and above. Data for the number
and cost of bank stabilization sites by stream order in our sample of one site per project are
shown in Tables 64 and 65.

Table 64. Cost of bank stabilization by stream order for the sample of one site for each project.

Stream Order Num_ber of | Minimum Maximum Average |Standard Deviation| Median

Sites Cost Cost Cost of Cost Cost
1st order 7 $1,500 $26,400 $10,997 8,530 $1,000
2nd order 10 $290 $62,000 $15,023 17,611 $13,095
3rd order and 20 $1,180| $1,700,000, $124,697 373,319| $30,152
above
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Table 65. Cost per foot of bank stabilization by stream order for the sample of one site for each

project.
Stream |Number of| Minimum Maximum éve:age D .S'ignda;dc i é\/lectiian
Order Sites Cost per Foot | Cost per Foot ost per eviation ot ©0S ost per
Foot per Foot Foot
1st order 7 $40 $176 $388 53 $40
2nd order 10 $5 $394 $77 122 $5
3rd order 20 $6 $895 $196 289 $6
and above

Cost per foot did not differ significantly among stream orders (Kruskal-Wallis chi-
squared = 3.51, df =2, P=0.17; Figure 59).
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Figure 59. Boxplot of log(cost per foot) of bank stabilization by stream order for the sample of
one site per project.

Estimates of actual stream flow were derived using a program that estimates stream
characteristics based on topography and rainfall (Miller, 2003). Sites were associated with
streams output by this program in a GI S system based on proximity, and the flow for the reach
that corresponded to the center of the site was recorded. Using this methodology, flow values
could be estimated for 44 of the 52 instream sites. The remaining sites could not be
unambiguously assigned to a stream in the DEM-derived hydrography.

Flow estimates were heavily right skewed (Figure 60). Logtransformed cost per foot
was marginally significantly associated with log-transformed flow (Regression, coef. = 0.16, P =
0.10, R?adj = 0.059; Figure 61).
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Aswould be expected, stream flow differs significantly for the different stream orders
(Kruskal-Wallis chi-squared = 16.59, df = 2, P = 0.00025; Figure 62).
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Figure 60. Histogram of stream flow for the sample of bank stabilization sites.
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Figure 61. Log(cost per structure) versus log(stream flow) for the sample of one bank
stabilization site per project. Line represents least squares fit. Flow values are measured in
cubic feet per second.
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Figure 62. Boxplot of log(stream flow) for each stream order. Flow values are measured in cubic
feet per second.

Excavation

We asked restoration contractors to provide information about the amount of excavation:

minimal = hand tools

moderate = small equipment, moderate excavation

extensive = heavy equipment, slope reconstruction
Excavation data were provided for all 53 bank stabilization sites. Cost data by excavation
amount are shown in Tables 66 and 67. There was not a significant difference in log
transformed cost per foot among the different excavation classes (Kruskal-Wallis chi-squared =
1.89, df = 2, p-value = 0.39; Figure 63).

Table 66. Cost of bank stabilization by excavation amount for the complete dataset.

Excavation Num'ber of Minimum Maximum Average | Standard Deviation | Median
Sites Cost Cost Cost of Cost Cost
minimal 13 $290 $72,000 $12,438 19,328 $ 5,000
moderate 14 $800 $150,000 $28,650 39,598, $ 14,215
extensive 26 $895| $1,700,000 $91,007 329,759 $ 9,900
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Table 67. Cost per foot of bank stabilization by excavation amount for the complete dataset.

Excavation e DU é\:se;ageer Devizﬁ)nndg;dCost g)es('glagr
Sites Cost per Foot| Cost per Foot P P
Foot per Foot Foot
minimal 13 $5 $176 $64 52 $46
moderate 14 $6 $750 $98 192 $41
extensive 26 $4 $895 $168 239 $83
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Figure 63. Boxplot of log(cost per foot) for each excavation type for the samples of one bank
stabilization site per project.

Material Complexity

We asked contractors to provide the complexity of the materials used for the bank
stabilization:

minimal = native channel gravel/rock, available onsite

moderate = riprap, onsite plants

substantial = large logs (>24” diameter), large rootwads, large toe rock, offsite plants
Material complexity data were provided for al 53 bank stabilization sites. Cost data by material
complexity category for the complete database are summarized in Tables 68 and 69. There was
atrend for logtransformed cost to increase with material complexity, but the differences in cost
among the material complexity classes were not statistically significant (Kruskal-Wallis chi-
squared = 4.47, df = 2, P=0.11; Figure 64).
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Table 68. Cost of bank stabilization by material complexity for the complete dataset.

Material Number of | Minimum Maximum Average |[Standard Deviation| Median
Complexity Sites Cost Cost Cost of Cost Cost
minimal 10 $290 $12,000 $5,142 4,433 $4,082
moderate 25 $800 $150,000 $33,526 39,621| $15,750
substantial 18 $3,010/ $1,700,000| $113,300 396,673 $9,900

Table 69. Cost per foot of bank stabilization by material complexity for the complete dataset.

Material Number of| Minimum Maximum (/-:\(\)/gtrageer DeviSatt?(?r(\jz:‘dCost éﬁoes(:iagr
Complexity Sites |Cost per Foot|Cost per Foot P P
Foot per Foot Foot
minimal 10 $5 $59 $30 17 $31
moderate 25 $4 $750 $120 191 $48
substantial 18 $6 $895 $181 245 $98
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Figure 64. Boxplot of log(cost per foot) for each material complexity class for the sample of one
bank stabilization site per project.

There was also a marginally significant difference in stream flow among the material
complexity classes (Kruskal-Wallis chi-squared = 5.058, df = 2, p-value = 0.080; Figure 65).
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Figure 65. Boxplot of log(flow) for each material complexity class for the sample of one bank
stabilization site per project. Flow is measured in cubic feet per second.

Material Type

We also asked restoration contractors to provide the type of material used for bank
stabilization. The same category choices were given for bank stabilization as were given for
instream structures:

wood = logs/rootwads/tree bundles

rock/boulder = boulder/rock/cobble structures

both = both wood and rock

bioengineered = planting/placement of live plants/cuttings

other = concrete/wire/geotextile fabric, etc.

We received information on material type for 52 of the 53 bank stabilization sites. Cost data by
material type are shown in Tables 70 and 71. There was not a significant difference in log
transformed cost per foot among sites with different material types (Kruska-Wallis chi-squared
=6.55, df =4, P=0.16; Figure 66). Logtransformed cost per foot of bioengineered materials
was invariant with regard to material complexity, but tended to be lower for rock materias of
minimal complexity than for rock materials of moderate/substantial complexity (Figure 67).

Table 70. Cost of bank stabilization by material type for the complete dataset.

Material Type Num_ber of | Minimum Maximum Average |Standard Deviation | Median
Sites Cost Cost Cost of Cost Cost
bioengineered 14 $1,180 $108,750 $18,718 29,728 $1,180
rock 26 $290| $1,700,000 $84,970 331,063 $290
rock and 4 $21,230 $72,000 $49,384 22,460 $21,230
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Material Tvpe Number of | Minimum Maximum Average |Standard Deviation | Median
yp Sites Cost Cost Cost of Cost Cost
wood
multiple 6 $4,450 $90,000 $30,334 36,245 $4,450
other 2 $1,300 $9,000 $5,150 5,445 $1,300
Table 71. Cost per foot of bank stabilization by material type for the complete dataset.
Material |Number of| Minimum Maximum é‘ég:ageer Deviifc?onndg;dCost (I:V(I)esc:iagr
Type Sites |Cost per Foot|Cost per Foot P P
Foot per Foot Foot
bioengineered 14 $6 $143 $60 40 $44
Rock 26 $5 $895 $159 238 $64
rock and 4 $41 $705 $329 299 $284
wood
Multiple 6 $8 $75 $33 23 $26
Other 2 $4 $19 $11 11 $11
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Figure 66. Boxplot of log(cost per foot) for each material type for the sample of one bank
stabilization site per project. Material types: bioengineered, rock, both rock and wood, multiple
types, and other.
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Figure 67. Boxplot of log(cost per foot) for each material type by each material complexity level
for the sample of one bank stabilization site per project.

Labor Cost

As a surrogate for labor costs, we collected information on unemployment rates from the
California Employment Development Department (CalEDD). Unemployment rates are county
level Labor Force Data from the Labor Market Information Division of the CAlEDD. Data are at
the county level and were assigned to sites based on the county associated with the site and the
year the project began. When sites overlapped multiple counties, the data were assigned to sites
based on a weighted average of how much of each site occurs within each county.

There was not a significant association between log-transformed cost per foot and
average unemployment rate (Regression, P = 0.78).

We also asked contractors whether they were required to pay prevailing wages. There
was a marginally significant difference in log-transformed cost between sites where prevailing
wages were and were not required (Wilcoxon rank sum test, P = 0.055; Figure 68).
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Figure 68. Boxplot of log(cost per foot) for sites where prevailing wages were and were not
required for our sample of one bank stabilization site per project.

Stream Flow and Prevailing Wages

Controlling for whether prevailing wages were required, there was a significant positive
effect of log-transformed flow on log-transformed cost per foot of bank stabilization (Table72).

Table 72. Regression coefficients, response = log(cost per foot), overall Radj = 0.41, P =

0.0032.

Estimate Standard Error t value Pr(>lt)
(Intercept) 4.049 0.38 10.74 2.94e-09
log(Flow) 0.25 0.078 3.18 0.0052
Prevailing Wage | -1.24 0.42 -2.96 0.0085
Required: No

Bank Stabilization Analysis Summary

None of the factors that we looked at significantly affected the cost (per foot) of bank
stabilization projects when examined individually. Three variables had marginally significant
effects on bank stabilization cost: stream flow, material complexity, and prevailing wages
requirements. Sitesin streams with higher flow tended to have higher costs per foot, and sites
with minima material complexity tended to have lower cost per foot of bank stabilization, but
there were only two sites in this category. Sites where prevailing wages were required tended to
cost more than sites where prevailing wages were not required. Controlling for whether
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prevailing wages were required, stream flow was significantly positively associated with cost per
foot of bank stabilization.

Road Decommissioning

We received data on 52 sites that included cost information associated with road
decommissioning. 51 of those included one or more size metrics. The sites came from 21
different projects. There were between 1 and 5 sites per project (Table73). Number of sites and
cost statistics are reported in Tables—74 - 76.

Table 73. Number of projects by number of sites per project for road decommissioning projects.

Number of Sites|[Number of Projects
1 7
2 4
3 6
4 1
5 3

Table 74. Summary of road decommissioning cost.

Number of Minimum Maximum Average Standard Deviation of Median
Sites Cost Cost Cost Cost Cost
52 $300 $85,806 $13,751 21,002 $4,679
Table 75. Summary of road decommissioning cost per crossing.
Number of | Minimum Cost | Maximum Cost | Average Cost Standfacr:d Eiewatlon Med|Can C(.)St
Sites per Crossing per Crossing per Crossing of Lost per per Lrossing
Crossing
40 $262 $17,060 $3,884 4,335 $1,932
Table 76. Summary of road decommissioning cost per mile.
Number of | Minimum Cost | Maximum Cost | Average Cost |Standard Deviation of | Median Cost
Sites per Mile per Mile per Mile Cost per Mile per Mile
39 $4,000 $200,000 $34,090 39,958 $22,059

For comparison, we also looked at the cost of road decommissioning for projects in the

original CHRPD database from 3/14/05 (Table77). Cost datain the CHRPD are recorded at the
project level. To attempt to get accurate values of cost of road decommissioning, we limited the
projects to those with only one task (road decommissioning), one measurement type, and one site
per project. We also only looked at projects that began in 1998 or later. There were only 4
projects meeting these criteria. None of the selected road decommissioning projects from the
CHRPD occur in the new database.
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Table 77. Summary of road decommissioning cost data from the CHRPD (3/14/05). Sites are
limited to projects since 1997 with only one task, one measurement type, and one site per

project.
Number of Unit Minimum Cost per |[Maximum Cost per|Average Cost per |Standard Deviation of Cost
Sites Unit Unit Unit per Unit
3|mile $163,883 $509,968 $285,245 194,824
llacre $335 $335 $335
Analysis

As was mentioned above, the new data that we collected from contractors included 52
sites with data for road decommissioning, from 21 different projects. Most statistical analyses
require independence of samples, and clearly samples from the same project are not independent.
So, for statistical analyses we randomly selected one site from each project and used this subset
of the data for our analyses. Cost values are reported here as cost per site, cost per stream
crossing treated and cost per mile decommissioned (see Tables74-76).

According to Coffin (2000), factors important to estimating cost of road
decommissioning include:

- Land ownership

Location of project relative to equipment and labor

Length of road to be decommissioned

Number of segments and proximity to one another

Number of stream crossings

Depth of fill at al culverts

Type of road construction

Geology/landform stability/past failures from road system

Cost of past decommissionsin the area

Land Ownership

According to Coffin (2000), projects on National Forest lands and particularly in areas
managed under the Northwest Forest Plan are especially costly because of the large number of
surveys and extensive environmental documentation required relative to other areas. We used
forest service administrative boundaries from the USDA Forest Service to determine, using GIS,
which sites occur on National Forest land.

There was a marginally significant difference in log-transformed cost between sites that
are on National Forest lands and those that are not (Wilcoxon rank sum test, W = 69, P = 0.066;
Figure 69), with cost on National Forest lands being higher.
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Figure 69. Boxplot of log(cost) for road decommissioning sites from our sample of one site per
project that are and are not on National Forest lands.

There was not a significant difference in log-transformed cost per mile between sites that
are on Nationa Forest lands and those that are not (Wilcoxon rank sum test, P = 0.73; Figure
70). Decommissioning sites that are on National Forest lands were significantly larger than
those that are not (Wilcoxon rank sum test, W = 60.5, p-value = 0.0063; Figure 71).
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Figure 70. Boxplot of log(cost per mile) for road decommissioning sites from our sample of one
site per project that are and are not on National Forest lands.
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Figure 71. Boxplot of log(miles decommissioned) for road decommissioning sites from our
sample of one site per project that are and are not on National Forest lands.
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Location Of Project Relative To Materials And Labor

We asked restoration contractors to provide the distance to material (how far materials
needed to be transported to the site). Of the 52 road decommissioning sites, only 20 have
distance to materials values provided by contractors. For our sample of one site for each project,
only 8 of the 21 sites have information for distance to materials. Distance to materials ranged
from O to 12 miles. There was not a significant relationship between log-transformed cost and
log-transformed distance to materials (Regression, P = 0.76) or between log-transformed cost per
mile and log-transformed distance to materials (Regression, P = 0.41).

We used GIS to determine the distance from each site to the nearest urban area as a
surrogate for distance to labor. Distance to urban area has a dightly bimodal distribution (Figure
72). Distance to nearest urban area was greater for sites on National Forest lands (Wilcoxon
rank sum test, W = 88, P = 0.00015; Figure 73). All of the sites on National Forest lands were
more than 20 miles from the nearest urban area.
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Figure 72. Histogram of distance to nearest urban area.
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Figure 73. Boxplot of distance to nearest urban area (miles) for sites that are and are not on
National Forest lands.

There was not a significant association between distance to the nearest urban area and
log-transformed cost of road decommissioning (Regression, P = 0.19; Figure 74) or log-
transformed cost per mile (Regression, P = 0.46; Figure 75).
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Figure 74. Log(cost) versus distance to nearest urban area (miles) for our sample of one road
decommissioning site per project. Line represents least squares fit.
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Figure 75. Log(cost per mile) versus distance to nearest urban area (miles) for our sample of one
road decommissioning site per project. Line represents least squares fit.

There was a significant positive relationship between the number of miles of road

decommissioned (log-transformed) and the number of miles to the nearest urban area
(Regression, coef. = 0.051, P = 0.033, Readj = 0.22; Figure 76).
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Figure 76. Log(miles decommissioned) versus distance to the nearest urban area (miles) for our
sample of one road decommissioning site per project.

Length Of Road To Be Decommissioned

We asked restoration contractors to provide the length of road decommissioned. We
received the length of road decommissioned for 39 of the 52 road decommissioning sites. In our
sample of one site from each project, 17 of the 21 sites have data on the number of miles
decommissioned.

L og-transformed cost was significantly dependent on the log-transformed number of
miles decommissioned (Regression, P = 1.67e-05, coef. = 1.03, R’adj = 0.70; Figure 77). Log
transformed cost per mile was not significantly associated with log-transformed number of miles
of road decommissioned (Regression, P = 0.59; Figure 78).

108



10

Log(Cost)

I I I I I I I
-4 -3 -2 -1 0 1 2

Log(Miles Decommissioned)

Figure 77. Log(cost) versus log(miles of road decommissioned) for our sample of one road
decommissioning site per project.

o
[e]

<

o

—

o
—~ o
i) p—
E o
— o
4 o

2 g :
9 o
o)
(@] v _| o
N @
g
J o | o

o o

1 _| 0 o

o

Log(Miles Decommissioned)

Figure 78. Log(cost per mile) versus log(miles of road decommissioned) for our sample of one
road decommissioning site per project.
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Number of Segments and Proximity to One Another

There was a significant negative relationship between log-transformed cost per site and
log-transformed number of sites per project (Regression, coef. = -0.52, P = 0.047, R?adj = 0.15;
Figure 78), an indication that there may be economies of scale for larger road decommissioning
projects. There was, however, also a significant negative association between log-transformed
miles decommissioned per site and log-transformed number of sites per project (Regression,
coef. = -0.56, P = 0.28, R?adj = 0.23; Figure 80). The relationship between cost per site and
number of sites per project could, therefore, be an artifact of how projects were partitioned into
gtes.

34° °

Log(Cost per Site)

Log(Number of Sites)

Figure 79. Log(cost) versus log(number of sites per project) for our sample of one road
decommissioning site per project.
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Figure 80. Log(miles decommissioned per site) versus log(number of sites per project) for our
sample of one road decommissioning Site per project.

There was not a significant relationship between log-transformed cost per mile and log
transformed number of sites per project (Regression, P = 0.49; Figure 81).
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Figure 81. Log(cost per mile) versus log(number of sites per project) for our sample of one road
decommissioning Site per project.
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We used GI S to calculate the average distance between sites in the same project. There
was not a significant relationship between log-transformed cost and average distance between
gtesin the project (Regression, P = .967; Figure 82). The relationship remained non-significant
when controlling for the log-transformed number of miles decommissioned (Regression, P =
0.50). There also was not a significant association between log-transformed cost per mile of
road decommissioned and log-transformed average distance among sites per project (Regression,

P =0.56).
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Figure 82. Log(cost) versus log(average distance between sites +1) for our sample of one road
decommissioning site per project.

Number of Stream Crossings

We asked restoration contractors to provide the number of stream crossings for each site
decommissioned. We received stream crossings data for 47 of the 52 sites (Tables 78 and 79).
Of the 21 sitesin our sample of one site from each project, all but one site have data on the
number of stream crossings.

Table 78. Cost of road decommissioning by number of stream crossings for the complete dataset.

Number of Stream Number of Minimum Maximum Average | Standard Deviation
Crossings Sites Cost Cost Cost of Cost
0 7 $600 $40,000 $11,782 13,862
1 22 $300 $17,060 $4,430 5,057
2 2 $523 $3,688 $2,106 2,238
3 1 $3,485 $3,485 $3,485
4 1 $23,670 $23,670 $23,670
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Number of Stream Number of Minimum Maximum Average | Standard Deviation
Crossings Sites Cost Cost Cost of Cost
5 2 $10,100 $26,277 $18,189 11,439
6 2 $10,000 $77,907 $43,954 48,018
9 2 $12,613 $15,000 $13,807 1,688
11 3 $5,210 $85,806 $38,672 42,001
12 2 $17,000 $60,636 $38,818 30,855
13 1 $64,660 $64,660 $64,660
17 1 $14,876 $14,876 $14,876
80 1 $70,000 $70,000 $70,000

Table 79. Cost per crossing of road decommissioning by number of stream crossings for the

complete dataset.
Ngi‘;g:;ﬂm Number of | Minimum Cost | Maximum Cost | Average Cost Stan(;:ifacr:%SDter;/el?non
- Sit C i C i C i ;
CrsaiEs ites per Crossing per Crossing | per Crossing Croasing
1 22 $300 $17,060 $4,430 5,057
2 2 $262 $1,844 $1,053 1,119
3 1 $1,162 $1,162 $1,162
4 1 $5,918 $5,918 $5,918
5 2 $2,020 $5,255 $3,638 2,288
6 2 $1,667 $12,985 $7,326 8,003
9 2 $1,401 $1,667 $1,534 188
11 3 $474 $7,801 $3,516 3,818
12 2 $1,417 $5,053 $3,235 2,571
13 1 $4,974 $4,974 $4,974
17 1 $875 $875 $875
80 1 $875 $875 $875

Eliminating the two sites with no stream crossings, there was a significant positive
association between log-transformed cost per site and log-transformed number of stream
crossings per site (Regression, coef = 1.061, P = 0.00016, Radj = 0.58; Figure 83). There was
not a significant association between log-transformed cost per mile and logtransformed number
of stream crossings treated (Regression, P = 0.48). Logtransformed number of stream crossings
was significantly dependent on the log-transformed number of miles decommissioned
(Regression, coef = 0.73, P = 1.37e-06, R%adj = 0.86; Figure 84).
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Figure 83. Log(cost) versus log(number of stream crossings treated per site) for our sample of
one road decommissioning site per project. The two sites with no stream crossings were
removed.
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Figure 84. Log(number of stream crossings) versus log(number of miles decommissioned for our
sample of one road decommissioning site per project. Sites without stream crossings were
removed.
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Depth of Fill at Culverts

We did not initially ask restoration contractors to provide information about the amount
of fill excavated, but some contractors provided this information on our forms, so we asked
others to provide this information as well in follow- up questions after the initial forms were
received. We received data on the amount of fill excavated for 41 of the 52 road
decommissioning sites and for 16 of the 21 sites in our sample of one road decommissioning site
per project.

There was a marginally significant association between logtransformed cost and log
transformed amount of fill excavated (Regression, coef = 0.42, P = 0.085, RPadj = 0.14; Figure
85), and there was a marginally significant association between log-transformed cost per
crossing and log-transformed amount of fill excavated (Regression, coef = 0.32, P = 0.071, RPadj
= 0.18; Figure 86). There was not a significant association between cost per mile of road
decommissioning and amount of fill excavated (Regression, P = 0.37).

Log(Cost)

Log(Fill Excavated)

Figure 85. Log(cost) versus log(fill excavated) for our sample of one road decommissioning site
per project. Fill excavated is measured in cubic yards.
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Figure 86. Log(cost per crossing) versus log(fill excavated) for our sample of one road
decommissioning site per project.

Type Of Road Construction

Restoration contractors were asked to provide information on the type of road

decommissioning:
closure only = close road to avoid need for regular maintenance, storm-proofing

partial = hydrologic obliteration
complete obliteration = full topographic obliteration
We received data on the type of road decommissioning for al 52 road decommissioning sites.
Cost data by decommissioning type are shown in Tables 80 and 81.

Table 80. Cost of road decommissioning by type of decommissioning for the complete dataset.

Decommission | Number of | Minimum Maximum | Average Standard Median
Type Sites Cost Cost Cost Deviation of Cost Cost
closure only 1 $1,790 $1,790 $1,790 $1,790
partial 36 $300 $77,907 $14,402 21,352| $4,805
complete 15 $400 $85,806 $12,985 21,331 $4,958
obliteration
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Table 81. Cost per mile of road decommissioning by type of decommissioning for all sites with
number of miles decommissioned reported.

A Standard Median

Decommission | Number Minimum Maximum verage gn- ar Cost per
T £ Sit Cost Milelcost Mil Cost per Deviation of Mile
ype of Sites |Cost per Mile]Cost per Mile Mile Cost per Mile

closure only 1 $4,366 $4,366 $4,366 $4,366
partial 31 $4,799 $200,000 $36,538 42,686 $ 23,005
complete 7 $4,000 $85,806 $27,492 27,802 $ 22,059
obliteration

L og-transformed cost did not differ significantly among the different types of road
decommissioning (Kruskal-Wallis, chi-squared = 1.23, df =2, P=0.54; Figure 87). Log
transformed cost per mile aso did not differ significantly among the different types of road
decommissioning (Kruskal-Wallis chi-squared = 2.096, df = 2, p-value = 0.35; Figure 88).
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Figure 87. Boxplot of log(cost) for each type of road decommissioning for our sample of one
road decommissioning site per project.
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Figure 88. Boxplot of log(cost per mile) for each type of road decommissioning for our sample
of one road decommissioning site per project.

Geology/Landform Stability/Past Failures From Road System

We do not have specific information about the past failures from the various road
systems. Lacking this, we used general information on average site slope derived from USGS 30
meter National Elevation Data (NED) using GIS and information on soil erodibility from a
database containing hydrology-relevant soils information from the United States Geological
Survey (USGS) Water Resources Section. The soils data are based on State coverages from the
October 1994 State Soil Geographic (STATSGO) CD-ROM database, issued by the U.S.
Department of Agriculture.

We calculated slope from the USGS 30 meter NED using the Slope function in ArcGIS
software (ESRI,2005). The slope values for al cells intersecting the site were averaged to arrive
at an average slope for each site. We used KFFACT (the actual k factor used in the water
erosion component of the universal soil loss equation) from the USGS soils database as an
estimate of soil erodibility. The weighted average KFFACT value for soils polygons intersecting
the site was calculated to arrive at an average soil erodibility for each site. Each soil k factor was
weighted by the proportion of the site it represents. Both of these estimates are very coarse and
do not take into account localized site-level characteristics.

There was not a significant association between log-transformed cost and slope
(Regression, P = 0.34; Figure 89). There was till not a significant association between cost and
slope when controlling for the number of miles decommissioned (Regression, P = 0.15). There
was a so not a significant association between cost per mile of road decommissioning and slope
(Regression, P =0.24; Figure 90). For both of these tests, there was a significant increase in
variability in cost with increasing slope. There was no association between cost or cost per mile
and the weighted average soils k factor for the site.
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Figure 89. Log(cost) versus average slope for our sample of one road decommissioning site per
project.
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Figure 90. Log(cost per mile) versus average slope for our sample of one road decommissioning
Site per project.

Cost Of Past Decommissions|In The Area

We did not collect data on the cost of past road decommissioning projects in each area.

119



Labor Cost

As asurrogate for labor costs, we collected information on unemployment rates and
construction salaries from the California Employment Development Department (CalEDD) and
Rand Californiarespectively. Unemployment rates are county level Labor Force Data from the
Labor Market Information Division of the CalEDD. Average annual construction wages are for
‘Heavy and Civil Engineering Construction’ from the Covered Employment and Wages (CEW)
program of the Bureau of Labor Statistics but were acquired from Rand California. Datafrom
both datasets are at the county level and were assigned to sites based on the county associated
with the site and the year the project began. When sites overlapped multiple counties, the data
were assigned to sites based on a weighted average of how much of each site occurs within each
county. Some sites are missing construction wage data because data are not available for all
counties for each year.

Controlling for the log-transformed number of miles decommission, there was a
significant negative effect of average unemployment rate on log-transformed cost (Regression,
coef. =-26.77, P = 0.032; Table 82). There was a marginally significant negative association
between average unemployment rate and log-transformed cost per mile of road decommissioning
(Regression, coef = -21.70, P = 0.056, R?adj = 0.17; Figure 91).

Table 82. Regression coefficients, response = log(cost), overall Readj = 0.77, P = 0.000013.

Estimate Standard Error t vaue Pr(>|t)
(Intercept) 11.6623 0.8732 13.356 2.34e-09
Average -26.7652 11.2606 -2.377 0.0323
Unemployment
Rate
Log(Miles 1.1657 0.1557 7.486 2.94e-06
Decommissioned)
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Figure 91. Log(cost per mile) versus average annual unemployment rate for our sample of one
road decommissioning site per project.

Controlling for the logtransformed number of miles decommissioned, there was a
significant positive effect of average annual construction wages ($1,000s) on log-transformed
cost of road decommissioning (Table 83). There was not a significant association between
average annual construction wages and log-transformed cost per mile (Regression, P = 0.25;
Figure 92).

Table 83. Regression coefficients, response=log(cost), overall R?adj = 0.77, P = 0.046.

Estimate Standard Error t vaue Pr(>It)
(Intercept) 7.074 1.29 5.47 0.00094
Annua 0.074 0.031 2.42 0.046
Construction
Wages ($1,0009)
Log(Miles 1.73 0.30 571 0.00073
Decommissioned)
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Figure 92. Log(cost per mile) versus average annual construction wages for our sample of one
road decommissioning site per project.

Road Decommissioning Analysis Summary

70% of the variability in cost of road decommissioning is explained by the number of
miles decommissioned. The more miles of road decommissioned, the higher the cost of the
project. The number of stream crossings per site also increases significantly with the number of
miles decommissioned, and is also positively associated with cost of road decommissioning.
The number of miles of road decommissioned tends to be greater farther from urban areas.

Controlling for the number of miles decommissioned, road decommissionings on sitesin
counties with higher average unemployment rates tended to cost less than those on sites with
lower average unemployment rates, and road decommissionings on sites in counties with higher
average annual construction wages tended to cost more than those in counties with lower average
annual wages.

Factors that marginally affect cost of road decommissioning projects include whether the
siteis on national forest land, the total number of sites per project (the more sites per project, the
lower the cost per site), and the amount of fill excavated. None of these variables has a
significant effect on cost when controlling for the number of miles decommissioned. Number of
sites per project was negatively associated with the number of miles per site.

Road Surface Upgrade/M aintenance (excluding culverts)

We received data on 50 sites that included cost information associated with road
upgrading. 43 of those included data on the number of miles upgraded. These sites came from
23 different projects. There were between 1 and 8 sites per project (Table 84). Number of sites
and cost statistics are reported in Tables 85 and 86.
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Table 84. Number of projects by number of sites per project for road upgrading projects.

Number of Sites|[Number of Projects
11

QO D[ W[N|F
RPIRPININO

Table 85. Summary of road upgrading cost.

Number of Sites|Minimum Cost|Maximum Cost|Average Cost |[Standard Deviation of Cost
50 $200 $500,250 $40,575 106,697

Table 86. Summary of road upgrading cost per mile.

Number of [Minimum Cost per|Maximum Cost per |Average Cost per |Standard Deviation of Cost
Sites Mile Mile Mile per Mile

43 $1,000 $3,478,947 $168,977 622,606

For comparison, we also looked at the cost of road upgrading for projects in the original
CHRPD database from 3/14/05 (Table 87). Cost datain the CHRPD are recorded at the project
level. To attempt to get accurate values of cost of road upgrading, we limited the projects to
those with only one task (road upgrading), one measurement type, and one site per project. We
also only looked at projects that began in 1998 or later. None of the selected road upgrading
projects from the CHRPD occur in the new database.

Table 87. Summary of road upgrading cost data from the CHRPD (3/14/05). Sites are limited to
projects since 1997 with only one task, one measurement type, and one site per project. Units
are the units of measurement recorded in the CHRPD.

Number of Unit Minimum Cost Maximum Cost Average Cost Standard Deviation of
Sites per Unit per Unit per Unit Cost per Unit
7|mile $1,944 $47,389 $15,209 17,654
3|culvert $1,058 $7,827 $4,497 3,386
1|unit $11,399 $11,399 $11,399
1|cubic $15 $15 $15
yard
1|crossing $2,329 $2,329 $2,329
1lacre $9,617 $9,617 $9,617
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Analysis

As was mentioned above, the new data that we collected from contractors included 50
sites with cost information from 23 different projects. Most statistical analyses require
independence of samples, and clearly samples from the same project are not independent. So,
for statistical analyses we randomly selected one site from each project and used this subset of
the data for our analyses.

According to Weaver and Hagans (2000), factors important to estimating cost of road
upgrading, decommissioning, and maintenance projects include:

Maintenance status of road (open or abandoned/overgrown or washed out)
Type of road (commercial, ranch, residential, public, etc)
Inventory, prescription and layout costs

Assessment and prescription “accuracy” (experience of personnel)
Heavy equipment and laborer experience in comparable work
Storm-proofing design specifications

Stream crossing design standards

Secondary erosion control treatments required (e.g. channel or fill slope armoring)
Equipment availability and equipment used

Equipment rental rates (including operator and fuel)

Surfacing requirements and availability (costs for rock or paving)
Site frequency

Stream crossing frequency

Connectivity of road surface with stream channels

Supervision requirements

Site volume (volume excavated)

Endhaul volume

Endhaul distance

Layout requirements (staking or descriptive specifications)
Contracting method (hourly or bid)

Overhead

These cost factors are very specific factors for projects that are planned with detailed ground
assessments. The goal of this study isto try to determine more general factors for predicting
costs. For this reasonwe use the more general categories below, some of which correspond
roughly to one or more of the above cost factors.

Upgrade Type

We asked restoration contractors to provide the type of upgrade that was performed at the site:
outsloping/insloping/crowning; ditch relief culverts (drc); rolling dips; waterbars; resurfacing; or
other. There were no sites with outsloping/insloping/crowning as the sole upgrade type, and
there were 17 sites with multiple road upgrade types. The number of sites with each type of
upgrade is shown in Table 88. Of the 17 sites with multiple upgrade types, 6 had both outsloping
and rolling dips. We created a separate category for these sites. The descriptions given by
contractors for the type of upgrade in the ‘other’ category are shown in Table 89. Table 90
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summarizes costs for sites with multiple road upgrade types. The cost of road upgrading by type
of upgrade is summarized in Tables 91 and 92.

Table 88. Number of sites by upgrade type for road upgrade projects from the complete dataset.

Upgrade Type |Number of Sites
rolling dips 19
Multiple 17
Other 7
ditch relief culverts 4
resurfacing 3

Table 89. Description and cost of road upgrade from the ‘ other’ category

‘Other’ Upgrade Type Cost

Rocked Dip $470
Sidecast Excavation $1,585
Rocked Ford $1,661
Wet crossing $6,610
Unstable fill excavation - 302 cubic yards $500
Grading $500
Fillslope excavation - 444 cubic yards $2,100

Table 90. Summary of cost information for sites with multiple types of road upgrade.

Upgrade Type Num_ber of | Average | Minimun | Maximum
Sites Cost Cost Cost

Outsloping and rolling dips 6| $283,131 $60,375 $500,250

rolling dips and waterbars 1 $1,000 $1,000 $1,000

Outsloping/insloping/crowning and rolling dips 1 $5,000 $5,000 $5,000

Outsloping/insloping/crowning and resurfacing 1 $5,000 $5,000 $5,000

Outsloping, rolling dips, and other (berm removal and 1 $7,163 $7,163 $7,163

wet crossing installation).

outsloping, (2) 18" x 30' ditch relief culverts, 1 rolling 1 $3,900 $3,900 $3,900

dip, 150' road resurfacing.

outsloping 450 feet, 2 rolling dips, resurfacing 450 1 $2,300 $2,300 $2,300

feet.

outsloping 365', 2 rolling dips, other: clean/cut ditch, 1 $2,900 $2,900 $2,900

rock road.

outsloping 120 feet, resurfacing 120 feet. 1 $517 $517 $517

550' outsloping, 2 rolling dips, 550' resurfacing. 1 $3,650 $3,650 $3,650

525' outsloping, 2 rolling dips, 525' resurfacing, other: 1 $3,700 $3,700 $3,700

remove berm 525'.

0.5 miles outsloping, 3 ditch relief culverts, 14 rolling 1 $19,246 $19,246 $19,246

dips, 435 cu.yd. rock resurfacing.
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Table 91. Road upgrading cost by type of upgrade for the compl ete dataset.

Upgrade Type Num_ber of Minimum Maximum Average |Standard Deviation of
Sites Cost Cost Cost Cost

rolling dips 19 $200 $1,660 $749 630
multiple 11 $517 $19,246 $4,943 5,100
other 7 $470 $6,610 $1,918 2,173
outsloping and rolling 6 $60,375 $500,250 $283,131 146,276
dips
ditch relief culverts 4 $650 $5,235 $2,771 1,910
resurfacing 3 $1,600 $226,862 $78,954 128,137

Table 92. Road upgrading cost per mile by type of upgrade for the complete dataset.

Upgrade Type Num_ber of Minimum_ Cost Maximum_ Cost Average_Cost Standard Devia_tion
Sites per Mile per Mile per Mile of Cost per Mile

rolling dips 16 $3,000 $30,000 $17,535 8,925
multiple 11 $1,218 $139,286 $28,276 39,988
outsloping and 6 $33,173 $108,059 $64,909 33,074
rolling dips

ditch relief 4 $6,500 $23,795 $14,241 7,221
culverts

resurfacing 3 $12,308 $2,268,620 $907,678 1,198,042
other 3 $1,000 $3,478,947 $1,168,316 2,001,102

There were significant differences in cost among the different upgrade types (Kruskal-
Wallis chi-squared = 12.76, df = 5, p-value = 0.026; Figure 93). There were not significant
differences in cost per mile among the different road upgrade types (Kruskal-Wallis chi-sgquared
=7.06, df =5, p-value = 0.22; Figure 94).
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Figure 93. Boxplot of log(cost) for each upgrade type for our sample of one road upgrade site per
project.
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Figure 94. Boxplot of log(cost per mile) for each upgrade type for our sample of one road
upgrade site per project.
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Miles Upgraded

The number of miles upgraded differed significantly among the different types of road upgrade
(Kruskal-Wallis chi-squared = 12.30, df = 5, p-value = 0.031; Figure 95). Therewasa
significant positive relationship between log-transformed cost and log-transformed number of
miles upgraded (Regression, coef. = 0.48, P = 0.023, Readj = 0.20; Figure 96), but the
relationship is somewhat curvilinear. There was a significant negative relationship between cost
per mile upgraded and number of miles upgraded (Regression, coef. = -0.48, P = 0.024, R?adj =
0.20, Figure 97), suggesting the possibility of economies of scale for larger road

mai ntenance/upgrade projects.
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Figure 95. Boxplot of log(miles upgraded) for each upgrade type for our sample of one road
upgrade site per project.
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Figure 96. Log(cost) versus log(miles upgraded) for our sample of one road upgrade site per
project. Upgrade types are distinguished by different symbols.
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Figure 97. Log(cost per mile) versus log(miles upgraded) for our sample of one road upgrade
site per project. Upgrade types are distinguished by different symbols.
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Site Accessibility

We asked contractors to provide information on the accessibility of the restoration site:

€asy = easy access
average = partial vehicle access

difficult = very limited/no vehicle access
We recelved site accessibility data for 47 of the 50 sites with road upgrade data. All of the sites
had easy or average accessibility. For our sample of one road upgrade site for each project, we
received site accessibility data for 20 of the 23 sites (Table 93). There were not enough data to
evaluate whether site accessibility significantly affects cost for each upgrade type.

Table 93. Road upgrade cost per site and per mile by upgrade type and site accessibility category
for our sample of one road upgrade site per project.

Upgrade Site Nl_meer.of Average _Numper ol Average Cost Average.Number
F')I'g)]/pe Accessibility Sltgz;/\tnth Costg Sltesevrv:/lt}lgost pergMiIe Uop:gl\fggzd
drc easy 4 $2,771 4 $14,241 0.2
rolling dip |easy 4 $1,165 3 $23,174 0.07
rolling dip |average 1 $282 1 $14,921 0.01
resurface |easy 2| $114,231 2 $1,140,464 0.1
resurface |average 1 $8,400 1 $442,105 0.01
outslope |easy 3| $204,955 3 $44,439 4
other easy 1 $6,610 1 $3,478,947 0.002
other average 2 $1,043 1 $1,000 0.5
multiple  |easy 2 $1,709 2 $22,138 0.2

Grouping all upgrade types, there was not a significant difference in cost between sites
with easy and average accessibility (Wilcoxon rank sum test, W = 45, P = 0.25; Figure 98).
There was also not a significant difference in cost per mile between sites with easy and average
accessibility (Wilcoxon rank sum test, W = 26, P = 0.74; Figure 99). The number of miles
upgraded did not differ significantly between sites with easy and average accessibility (Wilcoxon
rank sum test, W = 31, P = 0.34; Figure 100).
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Figure 98. Boxplot of log(cost) for each site accessibility category for our sample of one road
upgrade site per project.
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Figure 99. Boxplot of log(cost per mile) for each site accessibility class for our sample of one
road upgrade site per project.
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Figure 100. Boxplot of log(miles upgraded) for each site accessibility class for our sample of one
road upgrade site per project.

Experience Level of Contractor

Restoration contractors were asked to provide experience level as the approximate
number of similar projects the contractor has worked on. We received data on experience level
of the contractor for 42 of the 50 road upgrade sites (19 projects). Grouping al of the types of
road upgrade, there was not a significant relationship between cost and experience level of the
contractor using this measurement (Regression, P = 0.56; Figure 101). There was also not a
significant relationship between cost per mile of road decommissioning and experience level of
the contractor (Regression, P = 0.19; Figure 102).
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Figure 101. Log(cost) versus log(experience) for our sample of one road upgrade site per project.
Upgrade types are distinguished by different symbols. Experience is measured as estimated
number of similar projects the contractor has worked on.
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Figure 102. Log(cost per mile) versus log(experience) for our sample of one road upgrade site
per project. Upgrade types are distinguished by different symbols. Experience is measured as
estimated number of similar projects the contractor has worked on.
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Distanceto Materials

We asked restoration contractors to provide the distance to materials for each site. We
received data on the distance to materials for 31 of the 50 road upgrade sites. 5 of these sites had
adistance to materials of 0 indicating that no offsite materials were used. Only 14 of the 23 sites
from our sample of one road decommissioning site per project have data for distance to
materials.

There was not a significant relationship between logtransformed distance to materials
and log-transformed cost (Regression, P = 0.20; Figure 103). The relationship remained non
significant when the value of zero for distance to materials was removed (Regression, P = 0.14).
There was aso not a significant relationship between log-transformed distance to materials and
log-transformed cost per mile (Regression, P = 0.27; Figure 104). When the value of zero for
distance to materials was removed, there was a marginally significant positive relationship
between log-transformed distance to materials and log-transformed cost per mile of road
upgrading (Regression, coef. = 0.82, P = 0.052, Readj = 0.26; Figure 105).
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Figure 103. Log(cost) versus log(distance to materials + 0.01) for our sample of one road
upgrade site per project. Upgrade types are distinguished by different symbols. Distance to
materials is measured in miles.
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Figure 104. Log(cost per mile) versus log(distance to materials + 0.01) for our sample of one
road upgrade site per project. Upgrade types are distinguished by different symbols. Distance to
materials is measured in miles.
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Figure 105. Log(cost per mile) versus log(distance to materials) for our sample of one road
upgrade site per project with the value of zero for distance to materials removed. Upgrade types
are distinguished by different symbols. Distance to materials is measured in miles.

135



Distanceto Nearest Urban Area (Equipment & Labor Availability)

We used GIS to determine the distance from each site to the nearest urban area as a
surrogate for distance to labor. Grouping all upgrade types, there was a significant positive
effect of distance to nearest urban area on log-transformed cost (Regression, coef. = 0.086, P =
0.0091, RPadj = 0.25; Figure 106). There was not a significant relationship between log
transformed cost per mile and distance to nearest urban area (Regression, P = 0.99; Figure 107).
Sites further from the nearest urban area tended to have larger road upgrade projects (Regression,
coef. = 0.082, P = 0.020, R?adj = 0.21; Figure 108)
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Figure 106. Log(cost) versus distance to nearest urban area for our sample of one road upgrade
site per project. Upgrade types are distinguished by different symbols. Distance to nearest urban
areais measured in miles.
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Figure 107. Log(cost per mile) versus distance to nearest urban area for our sample of one road
upgrade site per project. Upgrade types are distinguished by different symbols. Distance to
nearest urban area is measured in miles.
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Figure 108. Log(miles upgraded) versus distance to nearest urban area for our sample of one
road upgrade site per project. Upgrade types are distinguished by different symbols. Distance to
nearest urban area is measured in miles.
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Stream Crossing Frequency

We did not ask restoration contractors to provide stream crossing frequency for their
sites. If al siteswere digitized consistently as lines along the road length, it would be possible to
determine the stream crossing frequency using GIS given a stream layer. However, since some
sites are digitized as points and others as lines, it was not possible to accurately assign stream
crossing frequencies.

Slope

We calculated slope from the USGS 30 meter NED using the Slope function in ArcGIS
software (ESRI, 2005). The slope values for all cells intersecting the site were averaged to arrive
at an average sope for each site. This estimate is very coarse and does not take into account the
localized site-level characteristics.

There was not a significant association between log-transformed cost and slope
(Regression, P = 0.88) or between cost per mile of road upgrading and slope (Regression, P =
0.38).

Soil Erodibility

We used KFFACT (the actual k factor used in the water erosion component of universal
soil loss equation) from the USGS soils database as an estimate of soil erodibility. The weighted
average KFFACT value for soils polygons intersecting the site was calculated to arrive at an
average soil erodibility for each site. Each soil k factor was weighted by the proportion of the
gteit represents. This estimate is very coarse and does not take into account the localized site-
level characteristics.

There was no association between cost or cost per mile and the weighted average soils k
factor.

Labor

As asurrogate for labor costs, we collected information on unemployment rates and
construction salaries from the California Employment Devel opment Department and Rand
Californiarespectively. Data are at the county level and were assigned to sites based on the
county associated with the site and the year the project began. When sites overlapped multiple
counties, the data were assigned to sites based on a weighted average of how much of each site
occurs within each county.

Counter to expectation, Box-Cox transformed cost was positively associated with log-
transformed weighted average unemployment rate (Regression, coef = 56.127, P = 0.0092, R =
0.25; Figure 109). Areaswith higher average unemployment rates tended to have larger road
upgrade projects (Regression, coef = 68.38, P = 0.0018, RPadj = 0.38; Figure 110). Therewas
not a significant effect of unemployment rate on logtransformed cost per mile of road upgrading
(Regession, P = 0.52; Figure 111).
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Unemployment rate data are measured at the county level, and it is possible that other
county-level characteristics are driving the relationship between unemployment rates and number
of miles upgraded. The fact that there is a correlation between unemployment rates and number
of miles upgraded does not mean that there is a causal relationship. As can be seen in the graphs,
one of the factors driving the relationship is the fact that the “outsloping” projects all cover a
relatively large number of miles and occur in arelatively high unemployment rate area.
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Figure 109. Log(cost) versus weighted average unemployment rate for our sample of one road
upgrade site per project. Upgrade types are distinguished by different symbols.
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Figure 110. Log(miles upgraded) versus weighted average unemployment rate for our sample of
one road upgrade site per project. Upgrade types are distinguished by different symbols.
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Figure 111. Log(cost per mile) versus weighted average unemployment rate for our sample of
one road upgrade site per project. Upgrade types are distinguished by different symbols.

Grouping al upgrade types, log-transformed cost was significantly negatively associated
with average annual construction wages ($1,000s) (Regression, coef = -0.13, P = 0.027, R%adj =
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0.29; Figure 112). Road upgrade projects in areas with higher average annual construction
wages tended to be smaller than projects where wages were lower (Regression, coef =-0.22, P =
0.00020, RPadj = 0.71; Figure 113). Road upgrade projects in areas with higher average annual
construction wages tended to cost more per mile than projects where wages were lower
(Regression, coef = 0.088, P = 0.038, Radj = 0.28; Figure 114).
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Figure 112. Log(cost) versus weighted average annual construction wages for ou sample of one
road upgrade site per project. Upgrade types are distinguished by different symbols.
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Figure 113. Log(miles upgraded) versus weighted average annual construction wages for our
sample of one road upgrade site per project. Upgrade types are distinguished by different
symbols.
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Figure 114. Log(cost per mile) versus weighted average annual construction wages for our
sample of one road upgrade site per project. Upgrade types are distinguished by different
symbols.
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Grouping al road upgrade types, projects where contractors were required to pay
prevailing wages cost significantly more than projects where prevailing wages were not required
(Wilcoxon rank sum test, W = 89, P = 0.016; Figure 115). For each type of road upgrade that
had sites where prevailing wages were and were not required, the sites with prevailing wages
required cost more than those where prevailing wages were not required (Figure 116, Table 94).
There was a marginally significant difference in logtransformed cost per mile between sites
where prevailing wages were and were not required (Wilcoxon rank sum test, W = 66, P = 0.095;
Figure 117). There was not a significant difference in the number of mile upgraded between
sites where prevailing wages were and were not required (Wilcoxon rank sum test, W =53, P =
0.54; Figure 118).
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Figure 115. Boxplot of log(cost) for sites where prevailing wages were and were not required for
our sample of one road upgrade site per project.
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Figure 116. Boxplot of log(cost) for sites where prevailing wages were and were not required for
each road upgrade type for our sample of one road upgrade site per project.

Table 94. Road upgrade cost by upgrade type and whether prevailing wages were required for
our sample of one road upgrade site per project.

Upgrade | Prevailing Wages | Number of | Minimum | Maximum | Average Standard

Type Required? Sites Cost Cost Cost Deviation of Cost

drc no 2 $650 $2,200 $1,425 1,096

drc yes 2 $3,000 $5,235 $4,118 1,580

rolling dip  |no 2 $200 $282 $241 58

rolling dip  |yes 3 $1,300 $1,660 $1,487 180

resurface |no 1 $1,600 $1,600 $1,600

resurface |yes 2 $8,400, $226,862| $117,631 154,476
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Upgrade | Prevailing Wages | Number of | Minimum | Maximum | Average Standard
Type Required? Sites Cost Cost Cost Deviation of Cost
outslope yes 3 $60,375 $347,889| $204,955 143,764
other no 3 $500 $6,610 $2,898 3,260
multiple no 3 $517 $19,246 $7,554 10,195
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Figure 117. Boxplot of log(cost per mile) for sites where prevailing wages were and were not
required for each road upgrade type for our sample of one road upgrade site per project.
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Figure 118. Boxplot of log(miles upgraded) for sites where prevailing wages were and were not
required for each road upgrade type for our sample of one road upgrade site per project.

Land Ownership

According to Coffin (2000), road decommissioning projects on National Forest lands and
particularly in areas managed under the Northwest Forest Plan are especially costly because of
the large number of surveys and environmental documentation required relative to other areas.
We anticipated that this factor might affect the cost of road upgrade projects as well. We used
forest service administrative boundaries from the USDA Forest Service to determine which sites
occur on National Forest land (Table 95).

There was a significant difference in log-transformed cost between sites that are on
Nationa Forest lands and those that are not (Wilcoxon rank sum test, W = 64, P = 0.035; Figure
119). Siteson National Forest lands cost more than other sites. There was a marginally
significant difference in log-transformed cost per mile between sites that are on National Forest
lands and those that are not (Wilcoxon rank sum test, W = 53, P = 0.099; Figure 120). There
was a marginally significant trend for road upgrade projects to be larger on National Forest
Service lands than elsewhere (Wilcoxon rank sum test, W = 52.5, P = 0.11; Figure 121).

Table 95. Road upgrade cost by whether the project occurred on National Forest or non-Natioral
Forest land.

National | Number of Minimum Maximum Average | Standard Deviation Median
Forest? Sites Cost Cost Cost of Cost Cost

forest 4 $1,660 $347,889 $154,131 155,277 $133,488

not forest 19 $200 $226,862 $15,513 51,378 $ 2,200
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Figure 119. Boxplot of log(cost) for sites that are and are not on National Forest Service lands
for our sample of one road decommissioning site per project.
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Figure 120. Boxplot of log(cost per mile) for sites that are and are not on National Forest Service
lands for our sample of one road decommissioning site per project.
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Figure 121. Boxplot of log(miles upgraded) for sites that are and are not on National Forest
Service lands for our sample of one road decommissioning site per project.

Road Upgrading/M aintenance Analysis Summary

Type of upgrade and number of miles upgraded both significantly affected the cost of
road upgrade projects. “Outsloping and rolling dip” projects tended to be the largest and most
expensive. The cost of road upgrades increased significantly with number of miles upgraded, but
cost per mile decreased with increasing project size, indicating possible economies of scale for
larger projects. Cost per mile of road upgrading was marginally positively associated with
distance to materials (excluding zero values).

Cost of road upgr ade was positively associated with both distance to nearest urban area
and average unemployment rate, both of which were positively associated with the number of
miles upgraded and with each other. Projects cost significantly less where average annual
construction wages were higher, probably because these projects tended to be smaller. Cost per
mile of road upgrading was higher in areas with higher average annual construction wages.
Road upgrade costs were significantly higher overal and marginally higher per mile for projects
where prevailing wages were required and for projects on national forest lands than for other
projects.

Land Acquisition

We limited our data collection to on-the-ground restoration activities, so we did not
collect data on lard acquisition projects. We can, however, summarize the cost of land
acquisition for projectsin the original CHRPD database from 3/14/05. Cost datain the CHRPD
are recorded at the project level. To attempt to get accurate values of cost of land acquisition, we
limited the projects to those with only one task (land acquisition), one measurement type, and
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one site per project. We also only looked at projects that began in 1998 or later. Land
acquisition cost per acre is described in Table 96 and broken down by study areain Table 97.

Table 96. Summary of land acquisition cost data from the CHRPD (3/14/05). Sites are limited to
projects since 1997 with only one task, one measurement type, and one site per project.

Number of |Minimum Cost per|Maximum Cost per |Average Cost per| Standard Deviation of
Sites Acre Acre Acre Cost per Acre
269 $51.77 $1,313,502 $36,584 125,080

Table 97. Summary of land acquisition cost per acre by study area from data in the CHRPD
(3/14/05). Sites are limited to projects since 1997 with only one task, one measurement type,
and one site per project. Study areas pertain to geographic areas that are relevant to salmonid
recovery planning in California (SONC=Southern Oregon/Northern California,
NOSECA=Northern/Central California, SCACO=South Central California Coast).

Study Area Num_ber of | Minimum Cost | Maximum Cost | Average Cost | Standard Deviation
Sites per Acre per Acre per Acre of Cost per Acre

None 87 $52 $128,087 $9,706 19,331
SONC 13 $2,541 $37,318 $10,249 10,293
NOCECA and 10 $928 $53,727 $11,295 15,151
SONC

NOCECA 42 $138 $1,313,502 $98,626 229,981
Central Valley 52 $245 $32,590 $6,386 7,811
SCACO 65 $387 $871,845 $66,243 160,676
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Summary and Recommendations

This report describes results of a pilot study involving use of salmon habitat restoration
project data contained in the CHRPD to characterize restoration projects and model restoration
costs. It documents our efforts to estimate such models by standardizing CHRPD project data
and supplementing that data with information from restoration contractors and other externa
data sources. The cost models discussed here are broad in scope, covering a number of
commonly used, ontthe-ground restoration treatments. They are intended to be illustrative but
not exhaustive of the types of analytical issues that can arise in restoration cost modeling.

Major challenges encountered in the course of data preparation included standardization
of restoration project data and disaggregation of project costs among sites and tasks. These
issues, which are discussed at length in a separate report (Hildner and Thomson, 2006), were
addressed in our analysis as follows:

On-the- ground restoration projects contained in the CHRPD are categorized into one or
more of 105 treatment types. To make our analysis tractable, we mapped these 105
treatments into eight tasks: fencing, riparian planting, culvert replacement, existing
culvert improvement, instream structures, bank stabilization, road decommissioning, and
road surface upgrade/maintenance (excluding culverts).

Our analysis required access to data on costs and restoration details at task- and site-
specific levels. However, for restoration contracts involving work at multiple sites and/or
multiple tasks at a single site, costs incurred by contractors are typically reported and
monitored at the project level. Also, restoration outcomes are often described using
multiple measurement units (e.g., miles/acres restored, trees planted, culverts
removed/replaced, cubic yards of soil excavated) that are not available in standardized
format for al projects; additionaly, for projects involving multiple taskg/sites, it is not
always clear which measurement units apply to which tasks or sites. Given these
ambiguities in the CHRPD data, we were reluctant to arbitrarily allocate project-level
costs and measurement units to individual tasks and sites, given the potentially high
errors resulting from such alocation. Instead we asked contractors identified in the
CHRPD as having conducted restoration in recent years in one or more of our eight
restoration task categories to supplement their CHRPD data with task- and site-specific
data

Our analysis (see Table 98) yielded some significant results. However, the limited
number of samples available for some restoration tasks hampered our ability to conduct
multivariate analysis and to fully consider the potentially confounding effects of multiple, often
highly correlated cost factors. For some of the restoration types we studied (e.g. riparian
planting and culvert replacement), predictors examined explained much of the variability in
restoration cost, but for other restoration types (e.g. instream structures, streambank
stabilization), our simple, mostly univariate, analyses were unable to account for much of the
variability in cost. Possible explanations for the lack of significant associations include:
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Data on the variables most important to cost were not collected.
The data are not partitioned in ways that are meaningful to cost..
Relationships between cost and predictor variables are complex (nonlinear) and/or
are confounded by other variables not included in the analyses. Because our
sample sizes were small, we were not able to conduct more complex, multivariate
analyses.

Of the variables that we associated with restoration sites based on spatial location, the
socioeconomic variables, such as average unemployment rate, were more likely to be
significantly associated with cost than the environmental variables (slope and soil erodibility).
Environmental variables, such as slope and soil erodibility need to accurately reflect the
conditions at the site to have relevance to restoration cost, whereas socioeconomic variables need
only reflect broader regional trends. For this reason, errors involved with spatial data and the
coarse nature of the data for some of our environmental variables may obstruct their utility for
restoration cost analysis. An exception is precipitation data, which isinherently less site-
specific. Average annual precipitation was significantly associated with cost of riparian planting.

Data issues are the most notable constraint on future development of habitat restoration
cost models, largely due to the need for standardized data on costs and restoration details at the
task and site levels. To increase the availability of such data, we recommend: (1) that funding
entities categorize their projects from the outset using a well-defined, comprehensive and
standardized set of tasks, (2) that project costs be broken out by task and site, and (3) that awell-
defined, comprehensive and standardized set of measurement units be used to quantify the details
of each task at each site. Given the potential ambiguities that may be involved in implementing
recommendation (2), explicit protocols may be needed to assign costs to tasks and to deal with
fixed costs that may be applicable to multiple tasks. Standardized project data are probably most
efficiently obtained by incorporation into the routine information requirements of restoration
proposals and contract reports. Trade-offs will likely need to be made in terms of establishing
information requirements that are adequate to their purpose but not unduly burdensome on
contractors. In Appendix 2 we present a possible data collection structure. The structure and
variable definitions should be taken as a starting point; ideally, restoration contractors, other
restoration specialists, and database designers would be consulted in the preparation of afinal,
validated data collection design.

Standardization can serve purposes other than cost models and recovery planning. While
funding entities can effectively monitor individual restoration projects without standardization,
standardization can facilitate their ability to track cumulative accomplishments across all projects
and relate costs to accomplishments. Standardization can also facilitate their ability to compare
and evaluate different aspects of their program and to be strategic and cost-effective in how
monies are spent. Such accountability isimportant, given the substantial public monies being
Spent on restoration.

Finally, it is important to note that the measurement units used to report project outcomes
typically reflect engineering accomplishments (i.e., number of itemsinstalled, repaired, replaced
or removed) and that our cost models reflect available datain this regard. Substantial
improvements over such models could be made if restoration costs could be linked directly to
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salmon population changes or to reductiors in limiting factors affecting salmon surviva and
recovery. Given the spatial linkages between upstream/downstream and upsl ope/downslope
habitat conditions, it is not always possible to evaluate the effect of any single restoration project
on limiting factors without considering the larger spatial context within which it occurs. Further
research that focuses more on networks of spatially linked projects and associated costs may be
useful in this regard.
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Table 98. Summary of results from restoration cost analyses. Rows represent response variables and columns represent predictors. S =
significant association (P <= 0.05); MS = marginally significant association (0.05 < P <= 0.10); NS = no significant association (P > 0.10).

g
E g2 3 5
= Ol | 8_ ) 8 o) c g @
n 2| 0| g > = = & IS = O
5 ol gl g 13 S| 3| € £ 5 o
© al 2| e x| O ol | © 5 ol O S
1t | 3| & 5| © X% gl 8l E o =i 3]
s of <« = > > @ =1 N >| 0 S| o =
o | ¢ € S) £ = w| © B8] =|9e ~ ®| = o
O — < —| Q| >3 [} =1 0| = vl - o c
=l o =l gl 2 sl<| E|lal %|& & =l 2 © G| =] >
<lelgl |22 s s SIZE e 2E g 2 |2 B El B8 &ils S
| EID 2\ 0| G| B 88 25| 2|5l e £l 5| 3| sl & °|%8l =528 |s
o8l ol ol glsldsl SI2L ¢ 2| = n| 2| 8| = O O g8 5 2| Ll 3R =
10|23 NAl2 e o 2 X g ox ol o B B| €| o o Ll olO Li=|<c|8 c|°
alelgl @ ol ool |85l el 2 2|8 o S| 5= o o =& &lel g EeE LS
=lolol x|38lel 82 3Tl I Sl 5 o w g3 o s 3|& s < |5 E R B
ol=2(=2] <] 8| El | E|] o] =] al o] © 2= o =| 8l 3l o o gl e o =|algl o =
NIS| S| ol 2 5| 5| 5 x| 8 5 2| =2 Ll s S| o 2| 2 S S ol .2l 5| =5 | |2 =] o

Response n|O|O| [ZSZz|lZ|z| WS|Awnlnl oSl & olalal & & ala|ldh| dlz|lulw E|O

Fencing: Cost per Foot *x S
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Cost per Acre Controlling for Acres Planted S S- |S S-

Culvert Replacement: Cost per Culvert S+HS+ S+ |S |S S |S+

Instream Structures: Cost per Structure MS+ S- |MS+

Cost per Structure, Rock Sites Only S+

Bank Stabilization: Cost per Foot MS MS+

Road Decommissioning: Cost S+ S- S+[MS+ MS|

Cost Controlling for Miles Decommissioned S+ |S-

Road Decommissioning: Cost per Mile MS-

Miles Decommissioned S- S+ S+ S

Road Decommissioning: Cost per Crossing MS+

Road Upgrading: Cost S+ S S [S- |S+ S+ S

Road Upgrading: Cost per Mile S- MS+* MS|S+ MS
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Appendix 1. Example Mailing M aterials

Cover Letter From First Mailing:

NOAA Fisheries
Southwest Fisheries Science Center
110 Shaffer Road
Santa Cruz, CA 95060
March 4, 2005
Name
Address
Dear ,

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects. We are writing you to request that you help by providing data on
one or more of your recent restoration projects.

We have access to data on many past and present restoration projects through the California
Habitat Restoration Project Database (CHRPD). To create cost models, however, we need
project costs broken out by location and by task. To this end, we are requesting information
from you on one or more of your projects.

In an effort to minimize the amount of time it will take you to provide this information, we have
created a map and a set of forms for each project. The map indicates the site(s) where the
restoration work was completed, and the forms provide basic project information including total
cost. We ask that you verify or correct the spatial information and provide the dollar amount
spent on each relevant restoration task (listed on the forms) at each site. In addition, thereis a
series of auxiliary questions for each task. Instructions are included for your convenience.

This information is being collected for modeling purposes only and will be made public only in
aggregate form.  Our intent is not to regulate or restrict the restoration projects that we are
asking you about, but rather to help us get a better understanding of the factors affecting
restoration costs.

Note: Please do not be concerned by the number of forms. The forms include questions for all of
the types of restoration tasks we are interested in. Most likely, many of these tasks will not apply
to your project and can be left blank.

Please return completed form(s) to: Kimberly Baker
Pacific States M arine Fisheries Commission
830 S Street
Sacramento, CA 95814
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If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker @dfg.ca.gov.

We hope that you will find the forms easy to fill out and will help us by providing the requested
information by April 10. If you are not the correct person to provide this information, please
pass this packet along to the correct individual. We greatly appreciate your assistance, as this
datawill be invaluable to our project. We will contact you by phone in the near future to see if
you have any questions. Thank you for your time.

Sincerdly,

Cindy Thomson
Economics Team Leader
NOAA Fisheries

Santa Cruz L aboratory
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Cover Letter From Second Mailing — Contacts With Less Than 6 Sites:

NOAA Fisheries

Southwest Fisheries Science Center
110 Shaffer Road

Santa Cruz, CA 95060

March 10, 2005

Name
Address

Dear )

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects. We are writing you to request that you help by providing data on
one of your recent restoration projects.

We have access to data on many past and present restoration projects through the California
Habitat Restoration Project Database (CHRPD). To create cost models, however, we need
project costs broken out by location and by task. To this end, we are requesting information
from you on one of your projects.

In an effort to minimize the amount of time it will take you to provide this information, we have
created a map and a set of forms for the project. The map indicates the siteswhere the
restoration work was (or will be) completed, and the forms provide basic project information
including total cost. We ask that you verify or correct the spatia information and provide the
dollar amount spent on each relevant restoration task (listed on the forms) at each site. In
addition, there is a series of auxiliary questions for each task. Where work has not yet been
completed, please provide proposed or estimated values. Instructions are included for your
convenience.

Thisinformation is being collected for modeling purposes only and will be made public only in
aggregate form. Our intent is not to regulate or restrict the restoration projects that we are
asking you about, but rather to help us get a better understanding of the factors affecting
restoration costs.

Note: Please do not be concerned by the number of forms. The forms include questions for al of

the types of restoration tasks we are interested in. Most likely, many of these tasks will not apply
to your project and can be left blank.
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Please return completed form(s) to: Kimberly Baker
Pacific States M arine Fisheries Commission
830 S Street
Sacramento, CA 95814

If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker @dfg.ca.gov.

We hope that you will find the forms easy to fill out and will help us by providing the requested
information by April 20. If you are not the correct person to provide this information, please
pass this packet along to the correct individual. We greatly appreciate your assistance, as this
data will be invaluable to our project. We will contact you by phone in the near future to see if
you have any questions. Thank you for your time.

Sincerdly,

Cindy Thomson
Economics Team Leader
NOAA Fisheries

Santa Cruz Laboratory
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Cover Letter From Second Mailing — Contacts With 6 Or More Sites:

NOAA Fisheries

Southwest Fisheries Science Center
110 Shaffer Road

Santa Cruz, CA 95060

March 10, 2005

Name
Address

Dear )

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects. We are writing you to request that you help by providing data on
some of your recent restoration projects.

We have access to data on many past and present restoration projects through the California
Habitat Restoration Project Database (CHRPD). To create cost models, however, we need
project costs broken out by location and by task. To this end, we are requesting information
from you on some of your projects.

In an effort to minimize the amount of time it will take you to provide this information, we have
created a map and a set of forms for each project. The map indicates the sites where the
restoration work was (or will be) completed, and the forms provide basic project information
including total cost. We ask that you verify or correct the spatia information and provide the
dollar amount spent on each relevant restoration task (listed on the forms) at each site. In
addition, there is a series of auxiliary questions for each task. Where work has not yet been
completed, please provide proposed or estimated values. Instructions are included for your
convenience.

Thisinformation is being collected for modeling purposes only and will be made public only in
aggregate form. Our intent is not to regulate or restrict the restoration projects that we are
asking you about, but rather to help us get a better understanding of the factors affecting
restoration costs.

Note: Please do not be concerned by the number of forms. The forms include questions for al of
the types of restoration tasks we are interested in. Most likely, many of these tasks will not apply
to your projects and can be left blank.

If possible, we would like you to provide information for all project sites included in this

mailing. However, if that is too much of a burden for you, please provide data for the 5 sites that
you feel are most representative of your work.
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Please return completed form(s) to: Kimberly Baker
Pacific States M arine Fisheries Commission
830 S Street
Sacramento, CA 95814

If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker @dfg.ca.gov.

We hope that you will find the forms easy to fill out and will help us by providing the requested
information by April 20. If you are not the correct person to provide this information, please
pass this packet along to the correct individual. We greatly appreciate your assistance, as this
datawill be invaluable to our project. We will contact you by phone in the near future to see if
you have any questions. Thank you for your time.

Sincerdly,

Cindy Thomson
Economics Team Leader
NOAA Fisheries

Santa Cruz Laboratory
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Cover Letter From Third Mailing:

NOAA Fisheries

Southwest Fisheries Science Center
110 Shaffer Road

Santa Cruz, CA 95060

March 17, 2005

Name
Address

Dear )

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects. We are writing you to request that you help by providing data on
one of your recent restoration projects.

We have access to data on many past and present restoration projects through the California
Habitat Restoration Project Database (CHRPD). To create cost models, however, we need
project costs broken out by location and by task. To this end, we are requesting information
from you on one of your projects.

In an effort to minimize the amount of time it will take you to provide this information we have
created amap and a set of forms for the project. The map indicates the sites where the
restoration work was (or will be) completed, and the forms provide basic project information
including total cost.

Y our project has many sites and we do not want to unduly burden you with paperwork, so we
ask that you choose 5 sites that are representative of this project and fill out the forms for the
selected sites. If you are able to provide data for additional sites, we can provide more forms, or
we can accept the data in other formats if necessary — please let us know.

Please verify or correct the spatial information (maps) and provide the dollar amount spent on
each relevant restoration task (listed on the forms) at each of the selected sites. Inaddition, there
isaseries of auxiliary questions for each task. Where work has not yet been completed, please
provide proposed or estimated values. Instructions are included for your convenience.

Thisinformation is being collected for modeling purposes only and will be made public only in
aggregate form. Our intent is not to regulate or restrict the restoration projects that we are
asking you about, but rather to help us get a better understanding of the factors affecting
restoration costs.

Note: Please do not be concerned by the number of forms. The forms include questions for al of

the types of restoration tasks we are interested in. Most likely, many of these tasks will not apply
to your project and can be left blank.
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Please return completed form(s) to: Kimberly Baker
Pacific States M arine Fisheries Commission
830 S Street
Sacramento, CA 95814

If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker @dfg.ca.gov.

We hope that you will find the forms easy to fill out and will help us by providing the requested
information by April 25. If you are not the correct person to provide this information, please
pass this packet along to the correct individual. We gresatly appreciate your assistance, as this
data will be invaluable to our project. We will contact you by phone in the near future to see if
you have any questions. Thank you for your time.

Sincerely,

Cindy Thomson
Economics Team Leader
NOAA Fisheries

Santa Cruz Laboratory
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I nstruction Sheet — First and Second Mailing:
Instructions

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects, and your help in filling out the data on the forms in this packet will
be invaluable. Data collected will supplement data already in the California Habitat Restoration
Project Database (CHRPD). The CHRPD is a statewide database of stream habitat restoration
projects that benefit anadromous fish and is being developed through the cooperative efforts of
the Pacific States Marine Fisheries Commission, the California Department of Fish and Game,
and NOAA Fisheries.

This information is being collected for modeling purposes only. The information that you
provide will not be used for regulatory purposes, and data from this project will only be made
public in aggregate form.

| nstructions

1. On the enclosed Project Form we have included some basic project information from the
CHRPD and some project level questions. Please check the information for accuracy and
make corrections if you find any errors. Please fill in the empty boxes.

2. We have provided a map of your project site(s). Please check the map for accuracy. If
we have missed or misplaced any of your project locations, please draw and label the
correct site on the map. Cross out any incorrect locations. Attach additional maps if
necessary.

3. For each site that needed correction, check the box next to “Location Corrected?’ on the
appropriate site’s form. If you have added locations, please provide the information
about each added site on the blank site forms provided.

For each site, we have provided a set of questions (forms to be filled in) for each task that we are
interested in. Itislikely that all of these tasks do not apply to each site. Pleasefill in the
requested information for all tasks that were (or will be) performed at each site. If the project
has not yet been completed, please provide proposed or estimated values.
If al of the costs at a site are not accounted for in these tasks, please provide a brief description
or list of unaccounted-for costs in the box labeled * Additional information about this site? at the
top of the appropriate site’s form. Attach additional sheets if necessary.
Please return completed formsto:  Kimberly Baker

Pacific States Marine Fisheries Commission

830 S Street

Sacramento, CA 95814

If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker@dfg.ca.gov.

Again, thank you for your help. We gppreciate your cooperation and timely response.

165



Instruction Sheet — Third Mailing:
Instructions

NOAA Fisheriesisin the process of developing cost models to predict the costs of salmonid
habitat restoration projects, and your help in filling out the data on the formsin this packet will
beinvaluable. Data collected will supplement data already in the California Habitat Restoration
Project Database (CHRPD). The CHRPD is a statewide database of stream habitat restoration
projects that benefit anadromous fish and is being devel oped through the cooperative efforts of
the Pacific States Marine Fisheries Commission, the California Department of Fish and Game,
and NOAA Fisheries.

Thisinformation is being collected for modeling purposes only. The information that you
provide will not be used for regulatory purposes, and data from this project will only be made
public in aggregate form.

| nstructions

1. Onthe enclosed Project Form(s) we have included some basic project information from
the CHRPD and some project level questions. Please check the information for accuracy
and make correctionsif you find any errors. Pleasefill in the empty boxes.

2. Choose 5 sites that are representative of the project(s) and enter the project ID and site
number for each at the top of one of the site forms, then complete the steps below.

3. We have provided a map of your project sites. Please check the map for accuracy. If we
have missed or misplaced any of your project locations, please draw and label the correct
site on the map. Cross out any incorrect locations. Attach additional maps if necessary.

4. For each site that needed correction, check the box next to “Location Corrected?’ on the
appropriate site’'s form.

5. For each site, we have provided a set of questions (the site forms) for each task that we
areinterested in. Itislikely that all of these tasks do not apply to each site. Pleasefill in
the requested information for all tasks that were (or will be) performed at each site. If the
project has not yet been compl eted, please provide proposed or estimated values.

6. If al of the costs at a site are not accounted for in these tasks, please provide a brief
description or list of unaccounted-for costs in the box labeled * Additional information
about this site? at the top of the appropriate site’sform. Attach additional sheetsif
necessary.

7. Pleasereturn completed formsto:  Kimberly Baker

Pacific States Marine Fisheries Commission
830 S Street
Sacramento, CA 95814

If you have questions, please call Kimberly Baker at (916) 445-0970, or email
kbaker @dfg.ca.gov.

Again, thank you for your help. We appreciate your cooperation and timely response.
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Example Map From First Mailing:

Lindsay Creek at Burnt Stump Lane Bestoration Project
Project #705300

i E 01 02 03 04

Califormia Soeams i
Diisplayed on DR Topas (24K) §

Duta pralinimery and niwnded for reisw prarposes only.
Do not copy or distribute. For misurl uss ool
Cransed on (NZE200% by K. Bekar {R16)445-0970 khakar@dfy ca gov
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Project ID
Begin Year

Total Cost

Purpose

Contact Name
Title
Agency

Address

Phone
Fax
Email

Experience

Permmtting Cost: |

Planming and
Design Coat:

Example Project Form From First Mailing:

Praoject Form

Lindsay Creek at Burnt Stump Lane Restoration Project

Gray flelds: please write in any
cOFFeCiions or additions.

White fields: please write i
requestad information

705300 |
|}1}|}4 | The year work on the project bagan.
icivdes labor, equipment, materials and in-kind

|s3z.j<}4.m

ibutions asseciated with thiz praject.)

[Flemove shotzun cnlvert and replace with 2 mannfacmred bridge on Lindsay Creek at Bumt Stump Lane.

ITim Broadman

ITim Broadman

175 Bumt Stump Lane, Fieldbrook, CA 95519

707-839-2197

707-826-9561

funkuevan@northcoast.com

| |.-1ppr9.'c.'ma:e{1' haw may similar prajects has the contractar worked on?

If known, please provide the (approximaie) permitting cast for this project.

If known, please provide the (approximgig) cost af plaxmmg and dezign for
thiz praject.
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Example Site Form From First Mailing:

Lindsay Creek at Burnt Stump Lane Restoration Project

Site 1
(CHEPD code 7200456)

Site Name Lindzay Creek (Bumt Stump Ln) - fish passage improverment
Location Cormmected? [0 iFiease make changes on anached quad map or attach additonal maps. )
Additional

mformation about this

zita?

Fill in blocks only for those tasks occurring af thiz site. Cost reported for each task showld include labor, equipmant, maierials
and in-king contrbutions azzocigied with thiz project sife

Road Uperade/Maintenance (Excluding Culverts)
Foad Upgrade Cost:  Miles Upgraded: Upgrade Type (circle one):

outsloping/insloping/crowning
ditch relief culverts

rolling dips

waterhars

resurfacing

other

Road Decommissioning g P B st

Foad Decom. Cost:  Miles Decommissioned: Decommizsion Type (circle one)® Treated:

complete obliteration
partial
closure only

E] =" = R : - z R T - e - -
Compiate = full ropographic obitieration. Parfial = Kydrolegic obifteration. Closure only = cloze road fo avord need for
ragular mamnenance; storm-progfing.

Bank Stabilization Bank Stabilization Cost:  Streambank Treated (lineal feet):

(Excluding Riparian Planting)

Primary Stabilization  Biatenial Complexity

Material (circle one):®  {circle one): b Excavaticn (circle one)® Stream Order (circle one):
(wood mimmal immal 15t order

:f_:'b”“m'e“ maoderate oderate Pnd order

it substannal extensive 3rd order and above

other

a

Wood = logsroorwadsres bundler. ReckBoulders = bowlder/rocktobbie soucrures. Both = both wood and rockbonlder,
Biggngineered = planiing placement of live planiz/cunings. Other = comcrefe’wing/georexrile fabric, aic.

Minimal = narive channel gravelvock, available onsite  Moderare = riprap, onzite plantz. Substannal = larze fogs (=247
aiamgter), large rootwads, large roe rock, afffite planis.

Minimal = hand tools. Moderate = mmall eguipment, moderaie excavaton. Exensive = homyy equepment, slope
reCoRSTHCRON.

Zite 1 -Page 1
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- Lindsav Creek af Burnf Stomp Lone Restaration Project
CSite k.
CHRPD code 72004563
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Lingdsay Creekl ar Buros Stomp Lane Restoratian Projecy
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Example Map From Second Mailing:

Lagunitas Creek Watershed Roads
Project #704167
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Example Project Form From Second Mailing:

Project ID
Begin Year
Total Cost

Purpose

Praoject Form
Lacunitas Creelkk Watershed Roads

Gray fleids: please write imary  White fields. please write in

coFreciions or additions. requestad information
[704167 |
Pq}l}] | The year work on the prajecr began.
|SEQ.994.{H} | {Tnchides labor, aguiment, materials and in-kind

conmributions associated with thiz praject.)

[mprove 7 miles of actively used dirt roads and close 1 muls of an shandoned dirt road to reduce sadiment
liources and improve soeambed conditions for the bevefit of Cobo and steelhead.

Contact Name  [Thomasin Curtis
Title (Grant Specialist
Agency tarin Municipal Water District
Address 1220 MNellen Avenus, Corte Madera, CA 949235-1169
Phone 1415-045-1542
Fax 1415-924 2630
Email tourtis @ marinwater. oIg
E;q;..g]-j_enge | 3| Approcamately how many similar profect: has the conmractor worked on?
Permuttine Cost: | S0.00 | fnown, please pronide the (approximate) permitting cost for thiz project.
. Mg
len.ulg and $0.00 If known, please provide the (approximare) cost af plaxmimg and dezign for
Design Coat: thiz prafect.
Status Proposed If the project 1s in progress, pleass
(circle one) In progress indicate the percent completed:
Completed

Prevallmg Wage:

Required?

Chack this box {f you are reguired fo pay prevailing wages on this prgiect.
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Example Site Form From Second Mailing:

Lagunitas Creek Watershed Roads
Site 1

Site Name |J_ﬂg|m:ibas Creek Watershed - Shafter Grade Foad (road upgrade)
Location Cormmected? [0 Fieaze make changes on arached guad map or artach additional maps. )
Additional

mformation about this

zite?

Stream Order (circle one): Distance to Materials (nules): Site Accessibility (circle one):

15t order 235V - BASY ACCESS
Ind order average - partial vehicle access
3rd ordar and abova difficult - wery linited no wehicle access

Fiii in biocks only for those tasks occurring af thiz site. Cost reported for each task showld include labor, equipment, materials
and in-kind contrbutions associated with thiz project site. [ ithe project iz ongoing, pleaze estimare the final cost for each fask.
Road Upgrade/Maintenance (Excluding Stream Culverts)

FEoad Upgrade Cost:  Miles Upgraded: Upgrade Type (circle one):

ontsloping insloping ‘crovwning

ditch relief culvars

rolling dips

watarhars

resurfacing
Road Decommissioning piher Decommuission Type
Foad Decom. Cost: Miles Decommissioned: # of Stream Crossings Treated: (circle one):a

foonnplet: obliteranon
artial

a

Comiplete = full topographic obliterarion. Partial = kydrologic sbliteration. Clozure only = losure only
close read o amvoid need for repuiar maintenance, storm-progfing

Bank Stabilization (Excluding Riparian Plantin

Bank Stabilization  Streambank Treated Matenial Complexity Excavation —Primary Stabihzation,

Cost: (lineal fzet): (circle one):® {circle one).  Matenal (circle one):
roinimal frimimal wood
moderae tmoderate Fock/boulders
|substanzal Jetensive jpoth
A Minimal = native chanmnel gravelrock, available anzite. Moderate = riprap, onzite plants. rienginesred
ubstamnial = large logs (=247 digmeter), large roonweds, large foe rock, offtite p jacher

[ T 1 " 1 . . . . .
Minimal= hand roolz. Moderate= small eguipment, moderate excavarion. Exterizive= hem eguipment, rlope reconsruction.

¢ Wood = legsraonwads e bundies RockBoviders = boulderrockicabbie souctures. Both = both wood and rockboulder.
Bisgngineered = planting/placement of live planiz'cuttings. Other = concrete’wine' seatextile fabric, otc.

Fencing Fence Installed Material Complexity Fence
Fencing Cost; {lines] feet): (circle one):® Elecimified?
smnple
AVErage D
complex

Simple = haE wira, m fes, fow pozis. A = [rvestock , Thatal, matal 5, Jow gares, te &
3 Zimpie = barbhop wire, no gaies, oI5, Average ertock femce, metal, woodmetal comers, fow gates, moderaie
pasts. Compiex = smooth wire, New Zealand'curtan vpe, deer exciusion.

CHFFD SitalD: TO03E48 Site 1 -Page ]
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Lagunitas Creek Watershed Roads

Site 1

Insiream Structure Installation
Instream Structures Number of Stream Length Materials Primary Structure s
Cost: Structures: Treated (miles): Omnsite? Material (circle one):

wood

U rock/boulders

both
Rock Size {tons per boulder): Wood Diameter (inches): bioengineered

other

? Wood = lags'vootwads /tree bundles. Roclk/Boulders = boulder/vock/cobble structures. Both = both wood and rock/boulder.
EBisengineered = planting'placement of live plants/cuttings. Other = concrete/wive/geotextile fabric, aic.

Culvert Replacement Culvert Diameter of New Culvert or Bridge Construction
(Excluding Road Replacement Cost:  Culvert (inches): Length (feet): icircle one):
Decommissioning Projects) —

[precast

Fill Excavated (cubic yards): # of Culverts:  Road Over Culvert (circle one): Culvert Type (circle one):

kcormugated steel pipe

SSP open bottom arch
lopen-bottom concrete box/arch
closed concrete box

lconcrete circular or arch prpe
logiwood

bridge

Culvert Improvement (Excluding Ru:;d Decommissioning)

Improvement Cost: Type of Improvement (circle one): Weir Installed? (circle one): Culvert Length (feet):

[Washington baffles, metal [Log weir
[Washington baffles, wood [Boulder weir
CMP steel ramp baffles [None

(Other

Riparian Planting (Excluding Road Decommissioning Projects
Ripanan Planting Cost: Area Planted (acres): Trees Planted: Plant Material Cost: 2

jnuinimal
Imoderate
cubstantial

Site Preparation Difficulty® Irrigation (circle one):  Protection (circle one):

easy drip nTigation chemcal
average hand wngation mubing

difficult none shade protection
very difficuls none

3 Minimal = bare root, narive materials readily available, materials donated - in-kind cost not reported. Modsrate = bave root,

weed block, landscape fabric, mulch, Substantial = 1-3+ gal plants; weed block, landscape fabric/mulch, most materials
purchased, native material not readily available or grown from seed.

Easy = small debris/duff removal, slight sloping. Average = pasmre sod removal Difficult = non-native removal, machine
labar. Very Difficult = non-native removal, hand labor

b

CHEPD 5itelD»: 7003840 Site 1 - Page 2
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Example Map From Third Mailing:

Bradford Ranch Upslope Sediment Reduction Project
Project #704979 Map 1 of 3
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Dio ot copy or distribute. Fer miurm uss ooty
Cransed on 0370872003 by K. Bekar {91644 5-0870 khakanj®dfy.ca gov
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Bradford Ranch Upslope Sediment Reduction Project [1]
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Bradford Ranch Upslope Sediment Reduction Project
Project #704979 Map 3 of 3
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Example Project Form From Third Mailing:

Project ID

Number of Sites 88

Begin Year

Total Cost

Purpose

Contact Name
Tatle

Agency
Address

Phone
Fax
Email

Experience

Permutting Cost: |

Planning and
Design Cost:

Status
(circle one)

Prevallmg Wages

Requred?

Praoject Form
Bradford Ranch Upslope Sediment Reduction Project

Gray felds: please write imary  White flelds: please wrir in
corTeciions or additions regquestad information.
704979 |
| Number gf locations whera work was performed
p{u}j | Tha year work on the project bezan.
|52]_]_.]_[||1j]} (Mmciuder fabor, eguipment, materials and in-Eind

contributions asrociated with thiz project )

[Drecomerussion and upgrade 9.5 miles of road sepments (2.4 miles decommissicnad, 7.1 nules nperaded),
laving an estimated 15 088 cubic vards of sediment from entering the watershed

[Patty Madigzn

Bendocing County Besource Conservation District

k035 South Orchard Avenue, Ukiah, CA 95482

TOT-064-0305

707 468-3278

puadiimen org

| |.-1ppr|:-.'c.'rr.'a:e1:1' how may simeilar projects has the commactor worked on”
If known, please provide the (approximaie) permitting cost for thiz project.
If knovm, please provide the fapproximarg) cost af planning and dezign for
thiz praject.

Proposed If the project is in progress, pleass

In progress indicate the percent completed:

Completed

Chack this box {f vou are reguired fo pay prevailing wages on this praject.
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Example Site Form From Third Mailing:
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Project ID or
Name:

Site ID: (The label for the site on the provided map )

Instream Stiructure Installation

Instream Structures Number of Stream Length Materials Primary Structure
Cost: Structures: Treated (miles): Onsite? Material (circle u::nﬂve}:a
wood
rock/boulders
both

Rock Size {tons per boulder): Wood Diameter (inches): bioengineered
other

|

2 Wood = logs/roatwads tree bundles. Rock/Boulders = boulder/rock/cobble structures. Both = both wood and rock/boulder.
Bisenginesred = planting/placemenr of live plantsicurtings. Other = concrete/'wire/georextile fabric, etc.

Culvert Replacement Culvert Diameter of Mew Culvert or Bridge Construction
(Excludine Road Replacement Cost:  Culvert {inches): Length {feef): (circle one):
e 2 oI5t
Decommissioning Projects) gkl
[precast

Fill Excavated {cubic yards): # of Culverts:  Road Over Culvert (circle one): Culvert Type (circle one):

forest road cormugated steel pipe
mor 2 lane SSP open bottom arch
ajor 2 lane jopen-bottom concrete box/arch
ighway/d+ lanes closed concrete box
lconcrete circular or arch pipe
logwood
bridge

Culvert Improvement (Excluding Road Decommissioning)

Improvement Cost: Type of Improvement (circle one): Weir Installed? {circle one): Culvert Length (feet):

[Washington baffles, metal [Log weir
[Washington baffles, wood [Boulder weir
CIMP steel ramp baffles Mone
(Other
Riparian Planting (Excluding Road Decommissioning Projects
Fiparian Planting Cost: Area Planted (acres): Trees Planted: Plant Material Cost: 2
minimal
moderate
substantial

Site Preparation Difficulty® Irrigation (circle one):  Protection (circle one):

easy drip nrigation chemical
average hand irrigation mubing

difficult none shade protection
very difficul: none

a

Minimal = bare root, native materials readily available, marerials donated - in-kind cost not veporred. Moderare = bare roor,
weed block, landscape fabric, mulch. Substantial = I-3+ gal planis; weed block, landscape fabric/mulch, most materials
purchased, native material not readily available or grown from seed.

Easy = small debris/duff removal, slight sloping. Average = pasnure sod vemoval Difficult = non-native removal, machine
labor. Very Difficult = non-native removal, hand labor

Page 2
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Example Site List From Third Mailing:
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Appendix 2. Suggested Database Structure and Definitions

Here we present a possible database structure with field definitions for collecting detailed
restoration project information. A database schematic is presented in Figure, and the tables that
follow contain descriptions of the fields. This structure is intended as a potential addition to the
CHRPD. Additional restoration categories for which further data are desired (such as barrier
removal, fish ladders, fish screens, water conservation measures, and land acquisition) could
easily be added. Genera suggestions include the following:

Maintain separate cost and details data for each task at each site.

Maintain accurate spatial data for each site. Accurate spatial location of the datais
necessary for geographically relating sites to socioeconomic and environmental variables.
Collect data as continuous variables whenever possible. Continuous variables are more
flexible than categorical variables because they can be converted to categorical variables
using a variety of category definitions. Data collected in alimited number of categories
cannot be reclassified if there is a need to change the category definitions in the future.

In the structure below, we attempted to use continuous variables as much as possible, but
it still might be possible to substitute additional continuous variables for some of the
categorical variables we suggest. This could be explored as part of the validation process
for any final data collection protocol.
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Suggested Database Structure

ROAD
IMNSTREAM DE COMMISSONIMNG
STRUCTURES SieID
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Figure 122. Schematic of a proposed database structure for collecting detailed restoration project
data

Projects Table: Table (MitProject) and fields currently exist in the CHRPD
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Sites Table: Existing table (MitL ocation) in the CHRPD with fields added

Field Name Field Description Units | Details
SitelD Unique Site ID N/A Existing field
ProjID Unique Project ID N/A Existing field
BeginY ear Y ear the work began N/A
StreamOrder Stream Order N/A Stream Order — select from: 1% order, 2" order, 3™ order
and above.
StreamFlow Stream flow CFS
SiteAccessibility | Site Accessihility N/A Suggested levels:
Easy = easy access; Average = partial vehicle access;
Difficult = very limited/no vehicle access
Tasks Table
Field Name Field Description Units | Details
SitelD Site ID N/A Existing field; linksto Site Table
TasklD Task ID N/A I dentifies the restoration tasks; links (with Sitel D) to
task-specific tables. Definitions stored in separate Tasks
lookup table (LU)
Suggested tasks: 1=Fencing Projects; 2=Riparian
Planting; 3=Culvert Replacement; 4=Existing Culvert
Improvement; 5=Instream Structures; 6=Bank
Stabilization; 7=Road Decommissioning; 8=Road
Surface Upgrade/Maintenance 9=Land Acquisition;
10=Water Conservation Measures; 11=Fish Screens;
12=Fish Ladders; 13=Barrier Removal
Cost Site and task specific dollars | Cost including labor, equipment, materials, and in-kind
cost contributions
EquipTranspDist | Transportation distance | miles | How far must equipment be transported to the site?
for equipment
MatTranspDist | Transportation distance | miles | How far must materials be transported to the site?
for materials
LaborRate L abor rate per hour dollars
Instream Structures Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; linksto Site Table and links (with
TasklD) to Tasks Table
TasklD Task ID N/A Identifies the restoration tasks; links (with Sitel D)
to Tasks Table.
Suggested task: 5=Instream Structures
StreamMiles Number of miles of miles Thisfield should only be used for very simple
stream treated instream structures or woody debris placement.
Complex structures should each be assigned a
separatesite.
PiecesPerMile Pieces of wood or N/A Thisfield should only be used for very simple
number of boulders instream structures or woody debris placement.
per mile Complex structures should each be assigned a
separatesite.
ISMaterial Type Primary material type | miles Suggested materials: wood = logs/rootwads/tree
of instream structures bundles; rock/boulder = boulder/rock/cobble
structures; both = both wood and rock; cement
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RockSize

Size of boulders used

tons/boul der

WoodDiam Diameter of wood inches
used
StructureComplexity | Complexity of N/A Suggested complexity categories need to be
structure installed defined: simple; average; complex
|SComments Comments N/A Explanations of any unusual aspectsto the data
Road Decommissioning Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; links to Site Table and links (with
TasklD) to Tasks Table
TaskiD Task ID N/A I dentifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 7=Road Decommissioning
MilesDecommissioned | Number of miles of miles
road decommissioned
StreamCrossings Number of stream N/A
crossings treated
DecommissionType Type of road N/A Suggested types: closure only = close road to
decommissioning avoid need for regular maintenance, storm-
proofing; partial = hydrologic obliteration;
complete obliteration = full topographic
obliteration
RoadType Type of road N/A Suggested types: Minimum = ranch roads;
Moderate = skid roads; Maximum = Asphalt,
legacy, Humbol dt crossings
FillExcavated Amount of fill cubic yards
excavated
HaulingFillRequired Is hauling of fill N/A Suggested categories. yes; no
necessary?
LandformStability Geology/landform Suggested categories. Infrequent/minor;
stability/past failures Moderate; Frequent/severe
from road system
RDComments Comments N/A Explanations of any unusual aspectsto the data
Bank Stabilization Table
Fiedld Name Field Description Units Details
SitelD Site ID N/A Existing field; linksto Site Table and links (with
TasklD) to Tasks Table
TasklD Task ID N/A I dentifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 6=Bank Stabilization
StreambankTreated Number of feet of feet Linear feet of bank treated
streambank treated
StabMatComplexity Complexity of N/A Suggested complexity categories need to be
stabilization materias defined: minimal; moderate; substantial
used
Excavation Amount of excavation | cubicyards
PrimaryStabM aterial Primary material used | N/A Suggested materials: wood = logs/rootwads/tree
for stabilization bundles; rock/boulder = boulders/rock; both =
both wood and rock; bioengineered =
planting/placement of live plants/cuttings
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| BSComments | Comments N/A | Explanations of any unusual aspects to the data
Culvert Replacement Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; links to Site Table and links (with
TasklD) to Tasks Table
TaskID Task ID N/A Identifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 3=Culvert Replacement
DiameterNewCulvert Diameter of new inches
culver
CulvLength Length of culvert feet
Construction Was culvert N/A Suggested categories: onsite; precast
constructed onsite or
precast?
CulvFillExcavated Amount of fill cubic yards
excavated
RoadType Type of road above N/A Suggested categories:. I nfrequent/minor;
culvert M oderate; Frequent/severe
CulvertType Type of culvert N/A Suggested types: corrugated steel pipe; structural
installed steel pipe (SSP) open bottom arch; open-bottom
concrete box/arch; or bridge
CRComments Comments N/A Explanations of any unusual aspectsto the data
Road Upgrade/Maintenance Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; linksto Site Table and links (with
TasklD) to Tasks Table
TaskiD Task ID N/A I dentifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 8=Road Surface
Upgrade/Maintenance
MilesUpgraded Number of miles of miles
road upgraded
UpgradeType Type of road upgrade | N/A Suggested categories:
outsloping/insloping/crowning; ditch relief
culverts (drc); rolling dips; waterbars;
resurfacing; or other
UpgrComments Comments N/A Explanations of any unusual aspectsto the data
Culvert Improvement Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; linksto Site Table and links (with
TaskID) to Tasks Table
TaskiD Task ID N/A I dentifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 4=Existing Culvert Improvement
ImprovementType Type of culvert N/A Suggested categories. Washington baffles, metal;
improvement Washington baffles, wood; CMP steel ramp
baffles; other
Welirlnstalled Wasaweir installed? | N/A Suggested categories: yes/no
Construction Was culvert N/A Suggested categories: onsite; precast

189




constructed onsite or

precast?
Length Length of culvert feet
improved
ClComments Comments N/A Explanations of any unusual aspectsto the data
Fencing Table
Field Name Field Description Units Details
SitelD SiteID N/A Existing field; linksto Site Table and links (with
TasklD) to Tasks Table
TaskiD Task ID N/A Identifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 1=Fencing Projects
FencelL ength Linear feet of fence feet
installed
FenMatComplexity Complexity of fencing | N/A Suggested levels: simple = barb or hog wire, no
gates, few posts; average = livestock fence,
metal, wood or metal corners, few gates,
moderate number of posts; complex = smooth
wire, new Zealand type, deer exclusion, curtain
type
Electrified Wasthe fence N/A Suggested categories: yes; no
electrified?
PostSpacing Spacing between feet
posts
Slope Averageslope of the | degrees
terrain
ClearingNeeded Amount of clearing of | N/A Suggested clearing categories need to be defined:
vegetation needed light; average; heavy
FenceComments Comments N/A Explanations of any unusual aspectsto the data
Riparian Planting Table
Field Name Field Description Units Details
SitelD Site ID N/A Existing field; links to Site Table and links (with
TasklD) to Tasks Table
TaskiD Task ID N/A I dentifies the restoration tasks; links (with
SitelD) to Tasks Table.
Suggested task: 2=Riparian Planting
AreaPlanted Area planted acres
TreesPlanted Number of trees N/A
planted
Material Cost Was the fence N/A Suggested categories: yes; no
electrified?
SitePrepDifficulty Difficulty of site N/A Suggested categories: easy = flat/light clearing,
preparation soil easily tilled; average = average
slope/average clearing, average soil; difficult =
steep/heavy clearing, soil difficult to till
Irrigation Type of irrigation N/A Suggested categories: easy = driwater/time
used release, drip irrigation, hand irrigation, or none
Protection Plant protectionused | N/A Suggested categories: chemical; tubing; shade
protection; none
LaborType Type of labor used N/A Suggested categories: volunteer; conservation

corps, contracted
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| RPComments | Comments [ N/A | Explanations of any unusual aspectsto thedata |

191



RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22167. Paper copies vary in price. Microfiche
copies cost $9.00. Recent issues of NOAA Technical Memorandums from the NMFS Southwest Fisheries

Science Centerare listed below:

NOAA-TM-NMFS-SWFSC-394

395

396

397

398

399

400

401

402

403

Steelhead of the South-Central/Southern California Coast: Population
characterization for recovery planning.

D.A. BOUGHTON, P.B. ADAMS, E. ANDERSON, C. FUSARO, E. KELLER,
E. KELLEY, L. LENTSCH, J. NIELSEN, K. PERRY, H. REGAN, J. SMITH,
C. SWIFT, L. THOMPSON, and F. WATSON

(September 2006)

The physical oceanography off the central California coast during May-
June 2001: Asummary of CTD and other hydrographic data from young
of the year juvenile rockfish surveys.

K.A. BALTZ, K.M. SAKUMA, and S. RALSTON

(September 2006)

Assessment of the Pacific sardine (Sardinops sagax caerulea) population
for U.S. Management in 2007.

K.T. HILL, N.C.H. LO, B.J. MACEWICZ, and R. FELIX-URAGA
(November 2006)

AMLR 2005/2006 field season report: Objectives, Accomplishments,
and Tentative Conclusions.

J.D. LIPSKY, Editor

(December 2006)

U.S. Pacific marine mammal stock assessments: 2006.
J.V. CARRETTA, K.A. FORNEY, M.M. MUTO, J. BARLOW,
J. BAKER, B. HANSON, and M.S. LOWRY

(January 2007)

Monitoring and research needed to manage the recovery of threatened
and endangered Chinook and steelhead in the Sacramento-San Joaquin
basin.

J.G. WILLIAMS, J.J. ANDERSON, S. GREENE, C. HANSON,

S.T. LINDLEY, A. LOW, B.P. MAY, D. McEWAN, M.S. MOHR,

R.B. MacFARLANE, and S. SWANSON

(February 2007)

Extraction of DNA from formalin-fixed cetacean tissues.
K.M. ROBERTSON, C.A. LeDUC, R.G. LeDUC, and P.A. MORIN
(February 2007)

Spawning biomass of Pacific sardine (Sardinops sagax) off U.S.
and Canada in 2006.

N.C.H. LO, B.J. MACEWICZ, D.A. GRIFFITH, and R.L. CHARTER
(February 2007)

Data sources: California habitat restoration project cost analysis.
K.K. HILDNER
(April 2007)

Using the California habitat restoration project database to estimate
habitat restoration costs for ESA-listed salmonids.

K.K. HILDNER and C.J. THOMSON

(April 2007)



	Page 1
	TM-404 Inside Front Cover.pdf
	Page 2

	TM-404 Title Page.pdf
	Page 2

	TM-404 Title Page.pdf
	Page 2

	TM-404 Inside Back Cover.pdf
	Page 2




